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c
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c
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c
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(
N
o
r
m
a
r
k
,
 

1
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7
0
;
 

N
o
r
m
a
r
k
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n
d
 

H
e
s
s
,
 

1
9
8
0
)
 

. 
L
o
c
a
t
e
d
 

o
f
f
 

c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
,
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h
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s
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c
u
l
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r
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n
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b
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n
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e
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o
c
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f
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n
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n
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g
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c
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c
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f
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h
e
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e
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a
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i
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c
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e
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o
s
i
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(
N
o
r
m
a
r
k
 

a
n
d
 

H
e
s
s
,
 

1
9
8
0
;
 

N
o
r
m
a
r
k
 

a
n
d
 
o
t
h
e
r
s
,
 

1
9
8
4
;
 

E
E
Z
-
S
c
a
n
 

84
 
S
c
i
e
n
t
i
f
i
c
 

S
t
a
f
f
,
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1
9
8
8
;
 

N
o
r
m
a
r
k
 

a
n
d
 

G
u
t
m
a
c
h
e
r
,
 

1
9
8
8
)
 .

 
Y
e
t
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o
 

t
h
i
s
 

d
a
t
e
,
 

t
h
e
r
e
 

i
s
 

l
i
t
t
l
e
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n
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o
r
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a
t
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o
n
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n
 

t
h
e
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n
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f
e
r
a
l
,
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a
l
y
n
o
l
o
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i
c
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l
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n
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s
e
d
i
m
e
n
t
o
l
o
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i
c
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f
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t
e
r
e
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n
 

(
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r
u
n
n
e
r
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d
 

L
e
d
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t
t
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r
,
 

1
9
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,
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n
 

p
r
e
s
s
;
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r
u
n
n
e
r
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n
d
 

N
o
r
m
a
r
k
,
 

1
9
8
5
;
 

M
c
G
a
n
n
,
 

1
9
8
6
,
 

1
9
8
7
;
 

M
c
G
a
n
n
 

a
n
d
 

B
r
u
n
n
e
r
,
 

1
9
8
7
,
 

1
9
8
8
)
.
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t
h
e
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r
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o
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e
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f
 

t
h
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t
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o
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r
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c
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d
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a
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m
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p
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a
g
i
c
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d
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u
b
m
a
r
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n
e
 

f
a
n
 

o
v
e
r
b
a
n
k
 

d
e
p
o
s
i
t
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o
f
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s
i
n
g
l
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o
r
e
 

(
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3
-
1
5
G
)
 

r
e
c
o
v
e
r
e
d
 
n
e
a
r
 

t
h
e
 

c
r
e
s
t
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f
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h
e
 
w
e
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t
e
r
n
 
l
e
v
e
e
 

o
f
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h
e
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o
n
t
e
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e
y
 

f
a
n
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.
 

T
h
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s
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p
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n
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i
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e
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s
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l
i
g
h
t
l
y
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d
i
t
e
d
,
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n
d
e
n
s
e
d
 

v
e
r
s
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n
 

o
f
 

t
h
e
 

M
a
s
t
e
r
'
s
 

t
h
e
s
i
s
 

I 
c
o
m
p
l
e
t
e
d
 

a
t
 

t
h
e
 
U
n
i
v
e
r
s
i
t
y
 
o
f
 
C
a
l
i
f
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r
n
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a
,
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e
r
k
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y
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n
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9
8
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.
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t
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s
 

p
r
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d
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n
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o
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r
t
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,
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i
s
c
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s
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n
g
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r
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m
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n
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f
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d
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l
y
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l
o
g
y
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r
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s
p
e
c
t
i
v
e
l
y
,
 

o
f
 

c
o
r
e
 

S
3
-
 

1
5
G
.

I 
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o
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d
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h
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W
i
l
l
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r
m
a
r
k
 
o
f
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U
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.
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c
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5
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l
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c
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n
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p
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c
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c
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t
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r
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g
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e
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t
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e
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.
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e
 
t
o
 
a
c
k
n
o
w
l
e
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e
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r
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M
c
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o
u
g
a
l
l
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u
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r
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f
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h
e
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r
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c
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l
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f
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i
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n
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p
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l
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C
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S
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r
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n
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r
,
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A
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d
 

L
e
d
b
e
t
t
e
r
,
 

M.
 

T
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8
7
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S
e
d
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n
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l
o
g
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c
a
l
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n
d
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c
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o
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p
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c
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p
l
i
c
a
t
i
o
n
s
 

f
o
r
 

t
u
r
b
i
d
i
t
e
 

d
e
p
o
s
i
t
i
o
n
a
l
 

p
r
o
c
e
s
s
e
s
 

o
n
 

t
h
e
 

M
o
n
t
e
r
e
y
 

d
e
e
p
-
s
e
a
 

f
a
n
,
 

c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
:
 

J
o
u
r
n
a
l
 

o
f
 

S
e
d
i
m
e
n
t
a
r
y
 

P
e
t
r
o
l
o
g
y
,
 

v.
 

55
, 

no
. 

4,
 

p.
 

4
9
5
-
5
0
5
.

E
E
Z
-
S
C
A
N
 

84
 

S
c
i
e
n
f
i
t
i
c
 

S
t
a
f
f
,
 

1
9
8
6
,
 

A
t
l
a
s
 

o
f
 

t
h
e
 

E
x
c
l
u
s
i
v
e
 

E
c
o
n
o
m
i
c
 

Z
o
n
e
,
 

W
e
s
t
e
r
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U
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.
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l
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c
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o
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r
a
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h
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f
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h
e
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r
n
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c
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y
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d
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r
u
n
n
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A
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7
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A
s
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i
t
y
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r
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a
n
d
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r
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r
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n
i
f
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r
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l
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e
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c
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l
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a
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l
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i
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:
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b
s
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r
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c
t
 

V
o
l
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m
e
,
 

F
o
u
r
t
h
 

I
n
t
e
r
n
a
t
i
o
n
a
l
 

C
o
n
g
r
e
s
s
 

o
n
 

P
a
c
i
f
i
c
 

N
e
o
g
e
n
e
 
S
t
r
a
t
i
g
r
a
p
h
y
,
 

p.
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.
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_
,
 

1
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8
8
,
 

Q
u
a
n
t
i
t
a
t
i
v
e
 

m
i
c
r
o
f
o
s
s
i
l
 

(
f
o
r
a
m
i
n
i
f
e
r
s
 

a
n
d
 
p
o
l
l
e
n
)
 

a
n
d
 
s
e
d
i
m
e
n
t
o
l
o
g
i
c
 

d
a
t
a
 

o
n
 

c
o
r
e
 
S
3
-
1
5
G
 

f
r
o
m
 
M
o
n
t
e
r
e
y
 

F
a
n
,
 

c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
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o
n
t
i
n
e
n
t
a
l
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a
r
g
i
n
:
 

U
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S
.
 

G
e
o
l
o
g
i
c
a
l
 

S
u
r
v
e
y
 

O
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e
n
 

F
i
l
e
 

R
e
p
o
r
t
 

8
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-
6
9
3
,
 

7
9
 

p.
N
o
r
m
a
r
k
,
 

W.
 

R.
, 

1
9
7
0
,
 

G
r
o
w
t
h
 

p
a
t
t
e
r
n
s
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n
 

d
e
e
p
-
s
e
a
 

f
a
n
s
:
 

A
m
e
r
i
c
a
n
 
A
s
s
o
c
i
a
t
i
o
n
 

o
f
 
P
e
t
r
o
l
e
u
m
 
G
e
o
l
o
g
i
s
t
s
 

B
u
l
l
e
t
i
n
,
 

v.
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, 
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, 

p.
 

2
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-
2
1
9
5
.
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o
r
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k
,
 

W
.
 

R
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,
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n
d
 

G
u
t
m
a
c
h
e
r
,
 

C.
 

E
.
,
 

1
9
8
8
,
 

S
u
r
 

s
u
b
m
a
r
i
n
e
 

s
l
i
d
e
,
 

M
o
n
t
e
r
e
y
 

F
a
n
,
 

c
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n
t
r
a
l
 

C
a
l
i
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r
n
i
a
:
 

S
e
d
i
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l
o
g
y
,
 

v.
 

35
, 

p.
 

6
2
9
-
6
4
7
.

N
o
r
m
a
r
k
,
 

W.
 

R.
, 

G
u
t
m
a
c
h
e
r
,
 

C.
 

E
.
,
 

C
h
a
s
e
,
 

T.
 

E.
, 

a
n
d
 

W
i
l
d
e
,
 

P
a
t
,
 

1
9
8
4
,
 

M
o
n
t
e
r
e
y
 

F
a
n
:
 

G
r
o
w
t
h
 

p
a
t
t
e
r
n
 

c
o
n
t
r
o
l
 

b
y
 

b
a
s
i
n
 

m
o
r
p
h
o
l
o
g
y
 

a
n
d
 

c
h
a
n
g
i
n
g
 

s
e
a
 

l
e
v
e
l
s
:
 

G
e
o
-
M
a
r
i
n
e
 
L
e
t
t
e
r
s
,
 

v.
 

3,
 

n
o
.
 

2-
4,
 

p.
 

9
3
-
 

9
9
 .

N
o
r
m
a
r
k
,
 

W.
 

R.
, 

a
n
d
 

H
e
s
s
,
 

G.
 

R
.
,
 

1
9
8
0
,
 

Q
u
a
t
e
r
n
a
r
y
 

g
r
o
w
t
h
 

p
a
t
t
e
r
n
s
 

o
f
 

C
a
l
i
f
o
r
n
i
a
 

s
u
b
m
a
r
i
n
e
 

f
a
n
s
,
 

i
n
 

F
i
e
l
d
,
 

M.
 

E
.
,
 

B
o
u
m
a
,
 

A.
 

H
.
,
 

C
o
l
b
u
r
n
,
 

I.
 

P
.
,
 

D
o
u
g
l
a
s
,
 

R.
 

G.
, 

a
n
d
 
I
n
g
l
e
,
 

J.
 

C.
, 

e
d
s
.
 ,

 
P
r
o
c
e
e
d
i
n
g
s
 

o
f
 

t
h
e
 

Q
u
a
t
e
r
n
a
r
y
 

d
e
p
o
s
i
t
i
o
n
a
l
 

e
n
v
i
r
o
n
m
e
n
t
s
 

o
f
 

t
h
e



P
a
c
i
f
i
c
 

c
o
a
s
t
:
 

L
o
s
 

A
n
g
e
l
e
s
,
 

S
o
c
i
e
t
y
 

o
f
 

E
c
o
n
o
m
i
c
 

P
a
l
e
o
n
t
o
l
o
g
i
s
t
s
 

a
n
d
 
M
i
n
e
r
a
l
o
g
i
s
t
s
,
 

P
a
c
i
f
i
c
 

S
e
c
t
i
o
n
,
 

P
a
c
i
f
i
c
 

C
o
a
s
t
 

P
a
l
e
o
g
e
o
g
r
a
p
h
y
 

S
y
m
p
o
s
i
u
m
 

4,
 

p.
 

2
0
1
-
 

2
1
0
.

P
a
r
t
 

I:
 

P
a
l
e
o
e
n
v
i
r
o
n
m
e
n
t
a
l
 

a
n
a
l
y
s
i
s
 

o
f
 

l
a
t
e
s
t
 
Q
u
a
t
e
r
n
a
r
y

f
o
r
a
m
i
n
i
f
e
r
a
 
o
f
 
M
o
n
t
e
r
e
y
 

Fa
n,
 

c
e
n
t
r
a
l
 
C
a
l
i
f
o
r
n
i
a
 
c
o
n
t
i
n
e
n
t
a
l
 
m
a
r
g
i
n

A
b
s
t
r
a
c
t

M
o
n
t
e
r
e
y
 
F
a
n
 

is
 

a 
N
e
o
g
e
n
e
 
d
e
e
p
-
s
e
a
 

d
e
p
o
s
i
t
 

o
f
f
 

c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
 

c
o
n
t
a
i
n
i
n
g
 

h
e
m
i
p
e
l
a
g
i
c
 

a
n
d
 

t
u
r
b
i
d
i
t
i
c
 

s
e
d
i
m
e
n
t
s
.
 

G
r
a
v
i
t
y
 

c
o
r
e
 

s
a
m
p
l
e
s
 

w
e
r
e
 

s
e
l
e
c
t
e
d
 

f
r
o
m
 
t
h
e
 

w
e
s
t
e
r
n
 

l
e
v
e
e
 

o
f
 

t
h
e
 
M
o
n
t
e
r
e
y
 

f
a
n
 

v
a
l
l
e
y
 
t
o
 
d
e
t
e
r
m
i
n
e
 
m
i
c
r
o
f
o
s
s
i
l
 
v
a
r
i
a
t
i
o
n
s
 
b
e
t
w
e
e
n
 
t
h
e
 

t
y
p
i
c
a
l
 

h
e
m
i
p
e
l
a
g
i
c
 

a
n
d
 

s
u
b
m
a
r
i
n
e
 

f
a
n
 

o
v
e
r
b
a
n
k
 

d
e
p
o
s
i
t
s
.

U
s
i
n
g
 

c
l
u
s
t
e
r
 

a
n
a
l
y
s
i
s
,
 

t
h
e
 

s
a
m
p
l
e
s
 

w
e
r
e
 

s
e
p
a
r
a
t
e
d
 

i
n
t
o
 

g
r
o
u
p
s
 

r
e
f
l
e
c
t
i
n
g
 

s
e
d
i
m
e
n
t
 

s
o
u
r
c
e
,
 

f
a
u
n
a
l
 
a
d
a
p
t
a
t
i
o
n
 
t
o
 
c
h
a
n
g
i
n
g
 
c
l
i
m
a
t
i
c
 
c
o
n
d
i
t
i
o
n
s
,
 

a
n
d
 

t
h
e
 
e
f
f
e
c
t
s
 
o
f
 
d
i
s
s
o
l
u
t
i
o
n
.

T
h
e
 

t
u
r
b
i
d
i
t
i
c
 

s
a
n
d
s
 

o
r
i
g
i
n
a
t
e
 

i
n
 

t
h
e
 

s
h
e
l
f
 

t
o
 

u
p
p
e
r
 

m
i
d
d
l
e
 

b
a
t
h
y
a
l
 

z
o
n
e
s
.
 

T
h
e
y
 

a
r
e
 

c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 

h
i
g
h
 

f
o
r
a
m
i
n
i
f
e
r
a
l
 

a
b
u
n
d
a
n
c
e
 

a
n
d
 

f
a
u
n
a
l
 
d
i
v
e
r
s
i
t
y
,
 

r
e
s
u
l
t
i
n
g
 
f
r
o
m
 

t
h
e
 

a
d
d
i
t
i
o
n
 

o
f
 

t
h
e
 

d
i
s
p
l
a
c
e
d
 

s
h
a
l
l
o
w
-
w
a
t
e
r
 

s
p
e
c
i
e
s
 

t
o
 
t
h
e
 
e
n
d
e
m
i
c
 

d
e
e
p
-
w
a
t
e
r
 

f
a
u
n
a
 

at
 

t
h
e
 

f
i
n
a
l
 

d
e
p
o
s
i
t
i
o
n
 

s
i
t
e
.
 

I
n
 

c
o
n
t
r
a
s
t
,
 

t
h
e
 

m
u
d
s
 

a
r
e
 
c
o
m
p
o
s
e
d
 

o
f
 
h
e
m
i
p
e
l
a
g
i
c
,
 

t
u
r
b
i
d
i
t
i
c
 
a
n
d
 
m
i
x
e
d
 
s
e
d
i
m
e
n
t
s
,
 

a
n
d
 
a
r
e
 
c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 

a 
l
e
s
s
 

a
b
u
n
d
a
n
t
 

a
n
d
 

d
i
v
e
r
s
e
 

l
o
w
e
r
 

b
a
t
h
y
a
l
 

f
o
r
a
m
i
n
i
f
e
r
a
l
 
a
s
s
e
m
b
l
a
g
e
 
t
h
a
n
 
t
h
e
 
t
u
r
b
i
d
i
t
i
c
 

s
a
n
d
s
.

C
a
l
c
i
u
m
 
c
a
r
b
o
n
a
t
e
 
p
r
e
s
e
r
v
a
t
i
o
n
 

is
 

c
y
c
l
i
c
 

in
 

t
h
e
 

m
u
d
 

d
e
p
o
s
i
t
s
,
 

g
r
e
a
t
l
y
 
i
n
f
l
u
e
n
c
i
n
g
 
t
h
e
 

c
h
a
r
a
c
t
e
r
 

o
f
 

t
h
e
 

m
i
c
r
o
f
a
u
n
a
l
 

a
s
s
e
m
b
l
a
g
e
s
.
 

G
l
a
c
i
a
l
 

a
n
d
 

c
o
o
l
 

t
r
a
n
s
i
t
i
o
n
a
l
 

c
l
i
m
a
t
i
c
 
p
e
r
i
o
d
s
 

a
r
e
 

d
i
s
t
i
n
g
u
i
s
h
e
d
 
b
y
 

m
i
n
i
m
a
l
 
d
i
s
s
o
l
u
t
i
o
n
 
a
n
d
 
a 

a
u
n
a
 
d
o
m
i
n
a
t
e
d
 
b
y
 
p
l
a
n
k
t
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
a
.
 

H
a
r
m
 

p
e
r
i
o
d
s
 

a
r
e
 

c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 

d
i
s
s
o
l
u
t
i
o
n
 

p
u
l
s
e
s
 

a
n
d
 
h
i
g
h
 
r
e
l
a
t
i
v
e
 
p
r
o
p
o
r
t
i
o
n
s
 
o
f
 

b
e
n
t
h
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
s
 

a
n
d
 
r
a
d
i
o
l
a
r
i
a
n
s
.

P
y
r
i
t
e
 

o
c
c
u
r
s
 

f
r
e
q
u
e
n
t
l
y
 

i
n
 

t
h
e
 

s
h
e
l
l
s
 

o
f
 

f
o
r
a
m
i
n
i
f
e
r
s
,
 

r
a
d
i
o
l
a
r
i
a
n
s
 

a
n
d
 

d
i
a
t
o
m
s
 

i
n
 

t
h
e
s
e
 

d
e
e
p
-
s
e
a
 
d
e
p
o
s
i
t
s
.
 

B
e
n
t
h
o
n
i
c
 -
f
o
r
a
m
i
n
i
f
e
r
s
 

e
n
d
e
m
i
c
 

t
o
 

l
o
w
-
o
x
y
g
e
n
 

e
n
v
i
r
o
n
m
e
n
t
s
,
 

o
r
 

t
h
o
s
e
 

c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 

f
i
n
e
l
y
 

p
e
r
f
o
r
a
t
e
 

t
e
s
t
s
,
 

a
r
e
 

m
o
s
t
 

o
f
t
e
n
 

a
f
f
e
c
t
e
d
.
 

P
y
r
i
t
i
z
a
t
i
o
n
 
m
a
y
 
o
c
c
u
r
 
w
i
t
h
i
n
 
t
h
e
 
o
x
y
g
e
n
-
m
i
n
i
m
u
m
 

z
o
n
e
 

o
r
 
a
t
 
w
e
l
l
-
o
x
y
g
e
n
a
t
e
d
 
w
a
t
e
r
 
d
e
p
t
h
s
.
 

P
o
s
t
-
d
e
p
o
s
i
t
i
o
n
a
l
 

p
y
r
i
t
e
 

f
o
r
m
a
t
i
o
n
 

o
c
c
u
r
s
 

i
n
 

o
x
y
g
e
n
-
d
e
p
l
e
t
e
d
 

e
n
v
i
r
o
n
m
e
n
t
s
 
p
r
o
d
u
c
e
d
 
b
y
 
r
a
p
i
d
 
b
u
r
i
a
l
 

o
f
 
c
a
r
b
o
n
-
r
i
c
h
 

s
e
d
i
m
e
n
t
s
 
w
i
t
h
i
n
 

f
o
r
a
m
i
n
i
f
e
r
a
l
 

t
e
s
t
s
 

a
n
d
/
o
r
 
t
u
r
b
i
d
i
t
i
c
 

d
e
p
o
s
i
t
s
.



I
n
t
r
o
d
u
c
t
i
o
n

M
o
n
t
e
r
a
y
 

F
a
n
 

ia
 

o
n
e
 

o
f
 

s
e
v
e
r
a
l
 

s
u
b
m
a
r
i
n
e
 

f
a
n
s
 

in
 

t
h
e
 
n
o
r
t
h
e
a
s
t
 
P
a
c
i
f
i
c
 
O
c
e
a
n
 
r
e
s
u
l
t
i
n
g
 
f
r
o
m
 

t
h
e
 

d
e
p
o
s
i
t
i
o
n
 

o
f
 

t
u
r
b
i
d
i
t
y
 

c
u
r
r
e
n
t
 

m
a
t
e
r
i
a
l
 

at
 

t
h
e
 

b
a
s
e
 

o
f
 

o
n
e
 

o
r
 

m
o
r
e
 

s
u
b
m
a
r
i
n
e
 

c
a
n
y
o
n
s
 

(
N
o
r
m
a
r
k
,
 

19
70
a;
 

N
o
r
m
a
r
k
 

a
n
d
 
He
ss
, 

19
80

) 
. 

L
o
c
a
t
e
d
 
o
f
f
 
c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
,
 

t
h
i
s
 
p
a
r
t
i
c
u
l
a
r
 

fa
n 

h
a
s
 
b
e
e
n
 
t
h
e
 
f
o
c
u
s
 
o
f
 

a
n
 

o
n
g
o
i
n
g
 

p
r
o
j
e
c
t
 

i
n
v
e
s
t
i
g
a
t
i
n
g
 

d
e
p
o
s
i
t
i
o
n
a
l
 

p
r
o
c
e
s
s
e
s
 

a
n
d
 

g
r
o
w
t
h
 

p
a
t
t
e
r
n
s
 

o
f
 

t
h
e
s
e
 

d
e
e
p
-
s
e
a
 

t
u
r
b
i
d
i
t
i
c
 

d
e
p
o
s
i
t
s
 

(
N
o
r
m
a
r
k
 

a
n
d
 

H
e
s
s
,
 

1
9
8
0
;
 

N
o
r
m
a
r
k
 
a
n
d
 
o
t
h
e
r
s
,
 

19
84

).
T
h
e
r
e
 

h
a
s
 

b
e
e
n
 

l
i
t
t
l
e
 

i
n
f
o
r
m
a
t
i
o
n
 

t
o
 

d
a
t
e
 

c
o
r
r
e
l
a
t
i
n
g
 
f
a
u
n
a
l
 
a
n
d
 

s
e
d
i
m
e
n
t
 

t
r
e
n
d
s
 

o
f
 

M
o
n
t
e
r
e
y
 

Fa
n.
 

B
r
u
n
n
e
r
 
a
n
d
 
L
e
d
b
e
t
t
e
r
 

(1
98

5)
 

a
n
d
 
B
r
u
n
n
e
r
 

a'
h'
d 

N
o
r
m
a
r
k
 

(1
98

5)
, 

i
n
v
e
s
t
i
g
a
t
i
n
g
 

t
h
e
 

f
a
u
n
a
l
 
a
s
s
e
m
b
l
a
g
e
s
 

o
f
 
t
u
r
b
i
d
i
t
i
c
 
s
e
q
u
e
n
c
e
s
 
t
a
k
e
n
 
f
r
o
m
 
t
h
r
e
e
 
c
o
r
e
s
 
o
n
 
t
h
e
 

fa
n,
 

d
e
t
e
r
m
i
n
e
d
 

t
h
a
t
 

t
h
e
 

d
i
s
p
l
a
c
e
d
 

f
a
u
n
a
s
 

s
h
o
w
e
d
 

c
o
n
s
i
d
e
r
a
b
l
e
 

e
v
i
d
e
n
c
e
 

o
f
 

h
y
d
r
a
u
l
i
c
 

s
o
r
t
i
n
g
.
 

T
h
e
y
 

a
l
s
o
 

c
o
n
c
l
u
d
e
d
 

t
h
a
t
 

d
i
s
t
i
n
g
u
i
s
h
i
n
g
 

t
u
r
b
i
d
i
t
i
c
 

a
n
d
 

h
e
m
i
p
e
l
a
g
i
c
 

m
u
d
s
 

w
a
s
 

n
e
c
e
s
s
a
r
y
 

t
o
 

o
b
t
a
i
n
 

"
h
i
g
h
-
 

r
e
s
o
l
u
t
i
o
n
 

b
i
o
s
t
r
a
t
i
g
r
a
p
h
y
 

o
r
 

p
a
l
e
o
-
o
c
e
a
n
o
g
r
a
p
h
y
"
 

in
 

r
e
g
i
o
n
s
 

a
f
f
e
c
t
e
d
 

b
y
 
t
u
r
b
i
d
i
t
i
e
s
.
 

H
e
i
n
 

a
n
d
 
G
r
i
g
g
s
 

(1
97

2)
 

u
t
i
l
i
z
e
d
 

a
n
o
t
h
e
r
 

M
o
n
t
e
r
e
y
 

F
a
n
 

c
o
r
e
 

t
o
 

a
n
a
l
y
z
e
 

t
h
e
 

d
i
s
t
r
i
b
u
t
i
o
n
 

o
f
 

a
u
t
h
i
g
e
n
i
c
 

p
y
r
i
t
e
,
 

i
n
c
l
u
d
i
n
g
 

t
h
a
t
 

s
e
e
n
 

as
 
m
i
c
r
o
f
o
s
s
i
l
 

t
e
s
t
 

i
n
f
i
l
l
i
n
g
s
 

a
n
d
 

w
o
r
m
 
t
u
b
e
s
,
 

i
n
 

d
e
e
p
-
s
e
a
 
d
e
p
o
s
i
t
s
.
 

T
h
e
 
p
r
e
s
e
n
t
 

s
t
u
d
y
 

c
o
n
t
i
n
u
e
s
 

t
o
 

i
n
v
e
s
t
i
g
a
t
e
 

t
h
e
 

r
e
l
a
t
i
o
n
s
h
i
p
 

b
e
t
w
e
e
n
 
t
h
e
 
f
a
u
n
a
l
 
a
n
d
 

s
e
d
i
m
e
n
t
o
l
o
g
i
c
a
l
 

c
o
n
s
t
i
t
u
e
n
t
s
 

o
f
 

M
o
n
t
e
r
e
y
 

F
a
n
.
 

It
 
d
i
s
t
i
n
g
u
i
s
h
e
s
 

b
e
t
w
e
e
n
 

t
h
e
 

b
e
n
t
h
o
n
i
c
 
f
o
r
a
m
i
n
i
f
e
r
a
l
 

a
s
s
e
m
b
l
a
g
e
s
 

o
f
 
t
h
e
 
h
e
m
i
p
e
l
a
g
i
c
 

a
n
d
 

t
u
r
b
i
d
i
t
i
c
 

d
e
p
o
s
i
t
s
,
 

i
d
e
n
t
i
f
i
e
s
 

t
h
e
 
s
o
u
r
c
e
 
o
f
 

t
h
e
 

d
i
s
p
l
a
c
e
d
 

f
a
u
n
a
s
,
 

d
o
c
u
m
e
n
t
s
 

t
h
e
 

d
i
s
t
r
i
b
u
t
i
o
n
 

o
f
 

a
u
t
h
i
g
e
n
i
c
 

p
y
r
i
t
e
,
 

a
n
d
 

u
s
e
s
 

f
o
r
a
m
i
n
i
f
e
r
s
 

a
n
d
 

r
a
d
i
o
l
a
r
i
a
n
s
 

t
o
 

d
i
s
c
e
r
n
 

l
o
c
a
l
 

c
a
l
c
i
u
m
 

c
a
r
b
o
n
a
t
e
 

d
i
s
s
o
l
u
t
i
o
n
 
c
y
c
l
e
s
 
d
u
r
i
n
g
 
t
h
e
 
l
a
t
e
s
t
 
Q
u
a
t
e
r
n
a
r
y
.

T
h
e
 
d
i
s
t
r
i
b
u
t
i
o
n
 
o
f
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.
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|^g SAND-SILT (Tc & Td) J

f."-:."j BIOTURBATED HEMIPELAGIC
AND TURBIOITIC MUDS

C » T e -Tep BOUMA SEQUENCE 

D - Trf-Tgp BOUMA SEQUENCE 

F s FORAMINIFERAL SAMPLE INTERVAL

Figure 3. Generalized lithology of core S3-15G. The core is composed of sand- 
silt turbidites (Tc and Td), turbiditic (Tet) and hemipelagic (Tep) mud layers, 
and bioturbated intervals. Bouma sequences Tc-ep and Td-ep are designated by a 
C and D, respectively, on the left side of the core. Bouma sequence abbrevia­ 
tions after Bouma (1962) and Howell and Normark (1982).
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Table 2. Dry sediment weight, fossil numbers, relative frequency of displaced and pyritized 
benthonic foraminifers (determined for samples containing >200 benthonic foraminifers), and Fisher 
alpha diversity index values (determined for samples containing >100 benthonic foraminifers) in core 
S3-15G.

Depth 
In Core 
(cm)

in     
20-23.5
40-43
46-48
60-63
80-82
96.5-100
120-122
128-130
130-132
133.5-136.5
139-143
152.5-154.5
167.5-170
171-173
180-182
189.5-192
210-212
230-232
248-250
270-272
289.5-292
310-312
330-332
336.5-338
346.5-349.5
369.5-372.5
390-393
410-412.5
412-414.5
430-432.5
445-447.5
467.5-469.5

Dry 
Sedinent 
Height 
<g»)

    375   
29.3
30.1
5.3

29.5
9.3

34.8
12.0
12.7
20.4
7.7

49.2
14.5
34.2
6.2

16.4
34.8
19.6
18.5
0.7

18.8
41.5
23.8
23.9
9.4

40.6
42.1
30.4
33.8
3.5

39.1
37.1
16.2

Poram 
Nunber 

(Tests/gm)
     T7I   

9.5
4.5

80.4
3.9

47.2
22.5
179.3
75.0
29.3

147.9
40.3

133.2
143.2
155.8
210.2
33.6
37.6
73.7

1247.1
37.3
12.7
34.2
94.4

102.8
77.1
64.3
90.3

185.0
587.7
79.1

112.3
26.0

Number of 
Benthonic 

Foran Tests 
Counted

      B    

253
106
368
106
303
334
329
225
69

378
409
325
606
352

1250
224
308
785
403
392
457
337
332
375
544
343
377
490
746
337
387
83

Displaced 
Benthonic 
Forams 

(«)

*

2.8
-

81.0
-

0.7
3.6
5.2
8.4

69.1
10.0
4.3
7.3

78.4
52.6
12.1
18.8
63.6
90.3
16.6
14.9
25.2
26.8
85.1
19.3
26.2
17.8
38.2
78.8
42.7
10.9

-

Pyritized 
Benthonic 
Forams 

(«>

-

0.4

45.1

20.1
9.9

15.2
13.3

62.4
11.5
20.9
12.1
32.7
35.9
18.3
9.7

45.6
45.4
16.6
16.6
11.9
18.4
60.8
14.9
14.3
17.2
10.6
22.8
8.6
4.4
-

Benthonic 
Foran 
Number 

(Tests/gm)

2.5
8.6
3.5

69.4
3.6

32.6
9.6

27.4
17.7
3.4

49.1
8.3

22.4
17.7
56.8
76.2
6.4

15.7
42.4

575.7
20.9
11.0
14.2
13.9
39.9
13.4
8.1

12.4
14.5

213.1
8.6

10.4
5.1

Fisher 
Alpha 

Diversity 
Index

.
10.5
5.5
9.5
6.5
6.5
7.5
12.5
12.5

-24.0
14.5
9.5

11.0
-24.0
16.5
8.0

11.0
19.5
13.0
15.0
10.5
S.O

10.5
15.0
10.0
12.5
11.5
11.5
18.5
7.5
7.5

ro««Jl numbers fossil ratios, Q-»ode croup, lithology, and dissolution in core S3-15G. The lithology 
nES ire^foiloS" H heSipelagic «ud; T. turbiditic «ud: S. turbiditic sand; M. mixed lithology of 

nCmlH"-9ic»nd turbiditic «uds and/or turbTditic sand. Samples containing <200 benthonic foramin.fers -ere not 
included in the Q-wode cluster analysis.

Planktonic- 
Nuotber of Benthonic 

Depth Planktonic Foram 
In Core Foram Tests Ratio 
(cm) Counted <*>

6-4 
20-23.5 
40-43 
46-48 
60-63 
80-82 
96.5-100 
120-122 
128-130 
130-132
133.5-136.5
139-143 
152.5-154.5
167.5-170
171-173
180-182 
189.5-192 
210-212
230-232 
248-250 
270-272 
289.5-292 
310-312 
330-332
336.5-338 
346.5-349.5 
369.5-372.5 
390-393 
410-412.5
412-414.5
430-432.5
445-447.5
467.5-469.5

    5   

26 
30 
58 
8 

136 
449 

1822 
727 
528
761

1575 
1607
4290
614

2197 
947 
428
579 
470 
310 
71 

476 
1925
591 

2586 
2364 
2368 
5763
1311 
2754
3781
338

     2T57C 

9.3 
22.1 
13.6 
7.0 

31.0 
57.3 
84.7 
76.4 
88.4
66.8
79.4 
83.2
87.6
63.6
63.7 
80.9 
58.1
42.4 
53.8 
44.2 
13.5 
58.5 
85.3
61.2 
82.6 
87.3 
86.3 
92.2
63.7 
89.1
90.7
80.3

Planktonic 
Foram 
Nimber 

(Tests/gin)
     575     

0.9 
1.0 

10.9 
0.3 
14.6 
12.9 

151.8 
57.2 
25.9
98.8
32.0 

110.8
125.4
99.0

134.0 
27.2 
21.8
31.3 

671.4 
16.5 
1.7 

20.0 
80.5
62.9 
63.7 
56.2 
77.9 

170.5
374.6 
70.4
101.9
20.9

Radiolarian- 
Planktonic 

Foram 
Ratio 
(«)

  ITOTG   
100.0 
99.3

100.0 
99.1 
99.1 
65.9 
96.3 
SI. 2

85.8
78.1

64.1
90.2

93.1 
88.7 
87.3 
90.0

77.5 
59.3 
51.4 
35.1

36.9

95.9

Q-Mode 
Cluster 
Analysis Q-Mode 
Sample Cluster 
Number Group Lithology

1 G

2 E

3 F 
4 F
5 . F 
6 F

7 E
8 F
9 r

10 F
11 E
12 E
13 F 
14 F
15 E
16 E 
17 G 
18 G 
19 G 
20 G 
21 E
22 G 
23 G 
24 G 
25 G 
26 E
27 G 
28 G

H 
M 
S 
M
H 
H 
H 
H 
M 
S
14
H 
H
S
S
H 
H 
S
S
M 
T 
H 
H 
S
T 
H 
M 
H 
S
H
M
T

Dissolution

Very High 
Very High 
Very High 
Very High 
Very High 
Very High 

Low 
Low 

High 
Low
Low
Low 
Low
Low
Low
Low 
High 
High
High 
High 
High 
High 
Low 
Low
Low 
Low 
Low 
Low 
Low
Low 
Low

High
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Figure 5. R-mode clyster diagram of the faunal associations of core S3-15G. 
The benthonic foraminifers were grouped into four associations (A-D) based upon 
the correlation of 27 taxa (Table 1; Appendix 3) measured in the 28 samples 
from hemipelagic and turbiditic deposits.
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Table 4. Bathfuetric distribution of modern benthonic foraaiinifers in 
Ocean. Numbers (ollo'inq the species refer to the studies listed belov.

Water Depth 
( eters) Species

INNER
SHELF

Buccella frigid. - 1.2.3.10,11.13,15.16 
Buccella tenemM - 1.3.11,13 
Cibicides lobatuTua - 8.11.13

MJi e.cavatu* elavata - 11.13.14.15.16.17,18.19.20
7u5 e!!Cayatu« I idoenie - 19,20

'elisia - 19.20

Nonionf11« »iocfnic« - 1.9 
ina columbiensis - 13

OUTER 
SHELF

Buccella friqida - 2.8.11,13.16 
CassiduTina aiinuta - 1.3.4.5.10 
CibicijeTTTobatulus - 7.11,13 
Elphjdiu«i.e«cavatu«i clavata - 11,13.14.16.17 
Elphidiui" eicavatuo I idoense - 20              lis - 20

Buliaiinella tenuata - 3.5.11.21 
Cassidulina aiinuta '- 1,5,10 
Cibicidet lobatulus - 7,11
Elpnidiuai e«ca»atu» elavata - 11,13,14,16.17 

UPPER Eplstoafnella pacTTiea - 5.7,9,11.13 
BATHTAL Epistoannella saiithi - 10,14,21 

Hoeqlundina eleqans - 1,5,8 
Loiostoaum pseuoobeTrtehi - 1,11 
Oridorsalis unbonatus - 8.21 
Uvigerina peregrina - 1,3,5,7,10,11

Table 4. Bathrwtric distribution of aiodern foraainifers in the eastern Pacific Ocean (contin-

Water 0 
( eter

500

1500

2000

4000

1. 
2. 
3. 
4.
5. 
6.
7.

vpth 
s) Biofacies

UPPER 
MIDDLE 
BATHTAL

LOWER 
MIDDLE 
BATHTAL

LOWER 
BATHTAL

Inqle. 1980 
Bandy, 19S3a 
Bandy. 1961 
Bandy I Arnal, 1957 
Ingle t others. I960 
Cushman. 1927. 
Natland. 1933

Species

Bolivina arqentea - 1.6.7

Episto«inella pacifica - 1.2.6.7.9.10
Epistovinella ««ithi - 2.3.4.9.10,12,
Clobobuliaiina iffinis - 1.3.4.5.6.7.1

Oridorsalis unbonatus - 1.9.21

Cibicides lobatulus - 5.8

Hoeqlundina eleqans - 3.4.5

Pullenia bulloides - 1.4.5,6.9 

Uviqerina peregrina - 4l7!ll
Uviqerina proboscidea - 1.2.3.4

Cibicides lobatulus - 8
Cyroidina planulata - 12

Me Ion is barleeanus - 4 
Melonis ponpi 1 ioides - 1. 2.3. S.8 r 9, 11

PuHtnia bulloides - 3.5.6.7.8.9.12

8. Barker. 1960 15 
9. Arnal, 1976 16 

10. Zalesny. 1959 17 
11. Bergen t O'Heil, 1979 18. 
12. Bandy t Rodolfo. 1964 19. 
13. Cockbain, 1963 10. 
14. Loeblich t Tappan. 1953 21.

.21 

.11 
14.21 
0.21

.21 
11.21

,12

,11.12

Lagoe. 1979a 
Lagoe. 1979b 
Todd t Lo«. 1967 
Arn.l i others. I960 
Bandy 1 Arnal. 1960 
Murray. 1973 
Butcher, 1951



15

CASSIDULIHA HI HUT A fLPHIDIUU SPP. BUCCCLLA SPP. uiacFUlCA BBAnr 

LITHOLOGY 0 10 20 30 40% 0 5 10 IS 20% 0 S 10% 0 5 10 15% 0 5%

3BEYRICHI 

5 10%

80

120

160

2
£ 200

tr
8 2*0

Z

JE 280 
c.

o
320

360

400

440

480

Figure 6. Percentage abundance of the prominent benthonic foraminifers plotted 
with depth in core S3-15G. Location of the turbiditic sand samples denoted by 
an "S" in the lithology column.
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p
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.
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p
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c
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p
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p
l
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p
l
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v
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p
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p
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c
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c
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c
u
l
a
r
l
y
 

B
 u
l
i
m
i
n
 e
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i
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c
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c
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c
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c
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n
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l
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v
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n
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p
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p
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c
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p
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p
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p
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c
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c
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c
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c
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c
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p
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.
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p
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p
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r
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.
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n
d
 

A
r
n
a
l
,
 

1
9
6
0
;
 

K
h
e
r
a
d
p
i
r
,
 

1
9
7
0
;
 

S
l
i
t
e
r
 
a
n
d
 
B
a
k
e
r
,
 

1
9
7
2
;
 

M
e
r
r
i
l
l
 

a
n
d
 

G
u
b
e
r
,
 

1
9
8
2
)
,
 

p
a
r
t
i
c
u
l
a
r
l
y
 

i
n
 

r
e
g
i
o
n
s
 

o
f
 

s
u
b
s
t
a
n
t
i
a
l
 

b
a
t
h
y
m
e
t
r
i
c
 

r
e
l
i
e
f
 

(
P
h
l
e
g
e
r
,
 

1
9
5
1
;
 

B
a
n
d
y
,
 

1
9
5
3
b
;
 

P
h
l
e
g
e
r
 

a
n
d
 

o
t
h
e
r
s
,
 

1
9
5
3
;
 

A
r
n
a
l
,
 

1
9
7
6
)
 

. 
M
i
x
i
n
g
 

o
f
 

f
o
r
a
m
i
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p
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c
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n
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,
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h
l
e
g
e
r
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d
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h
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r
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,
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r
r
a
y
,
 

1
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3
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o
u
g
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d
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t
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7
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o
c
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1
9
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u
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r
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r
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.
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c
h
t
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o
n
o
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s
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r
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n
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s
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y
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c
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b
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n
i
e
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d
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p
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1
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d
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p
e
 

t
r
a
n
s
p
o
r
t
 

o
f
 

o
b
j
e
c
t
s
 

u
p
o
n
 

w
h
i
c
h
 

t
h
e
 
s
h
a
l
l
o
w
-
w
a
t
e
r
 

s
p
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c
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.
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p
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c
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b
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.
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c
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c
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b
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c
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p
i
 
a
n
d
 
E
m
e
r
y
,
 

19
63

; 
N
a
y
u
d
u
,
 

1
9
6
4
;
 

H
a
y
s
 

a
n
d
 

o
t
h
e
r
a
,
 

1
9
6
9
;
 

M
o
r
i
n
,
 

1
9
7
1
)
.
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c
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c
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c
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p
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c
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c
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p
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r
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p
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b
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r
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c
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i
n
 

a
e
d
i
m
e
n
t
a
 

d
e
p
o
s
i
t
e
d
 

d
u
r
i
n
g
 
t
h
e
 
la

st
 
5
,
0
0
0
 
y
e
a
r
a
 
o
f
f
 

t
h
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h
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i
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r
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p
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9
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p
r
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e
c
i
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c
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e
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r
c
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n
d
i
v
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c
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b
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.
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c
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B
u
c
e
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b
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p
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e
ra

: 
fi

s
h

, 
sh
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m
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b
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a
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c
a
p
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c
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p
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c
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c
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o
n
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e
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c
h
a
e
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e
C

a
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o
d
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1
9
6
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K
n
u
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1
9
6
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S
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1
9
7
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1
9
7
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B
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y
a
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7
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a
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ls
 

a
n

d
 

L
ip

p
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1
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m
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L
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p
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1
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p
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p
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d
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p
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b
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c
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c
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p
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r
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p
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Figure 12. Energy dispersive X-ray spectra for faunal constituents of Monterey 
Fan core S3-15G, showing peaks for S, Fe, Si, Ca, and K. A. Cassidulina minuta 
Cushman, Sample 336.5-338 cm. B. Melonis pornpilipides (Fichtel and Moll), Sam- 
ple 97.5-99.5cm. C. Globobulimina affinis (d'Orbiqny). Sample 346.5-349.5 cm. 
D. Worm tube, iridescent purple-blue crystallites, Sample 346.5-349.5 cm. E. 
Worm tube, golden crystallites, Sample 410-412.5 cm.
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c
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p
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e
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r
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.g

.,
 

B
o
li

v
in

a
 

a 
e
m

in
u

d
a
. 

F
u

r
a
 e

n
k

o
in

a
 

e
o

r
n

u
t 

a 
a
n

d
 

S
u

g
g
r
u

n
d

a
 

e
c
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c
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r
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n
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c
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p
r
e
se

n
te

d
 

b
y 

S
e
ig

li
e
 

(1
9

7
3

) 
fo

r
 

a 
5 

m
 

c
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r
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e
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d
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c
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c
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c
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p
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e
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e
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a
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b
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c
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r
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p
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n
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p
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r
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r
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b
la

g
e
 

a
s
s
o
c
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c
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e
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o
c
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w
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d
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b

u
r
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l 
o
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c
a

r
b

o
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h
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im
e
n
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w
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h
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r
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B
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B
e
r
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e
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r
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e
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c
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R
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c
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b
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b
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c
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ra
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b
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b
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c
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c
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O
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= 

o
u
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r 
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- 
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p
p
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b
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a
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w
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p
p
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b
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a
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r 
m
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a
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w
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w
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a
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e
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R
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c
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C
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p
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b
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b
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c
h
i
 
(C

us
hm

an
) 

U
B
-
U
M
B
 

32
%

M
e
l
o
n
i
s
 
b
a
r
l
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c
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p
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C
O
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n
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c
i
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e
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p
o
s
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o
s
i
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o
n
a
l
 

p
y
r
i
t
e
 

f
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r
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r
c
e
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e
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s
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d
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n
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y
 
p
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r
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r
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e
 
h
y
a
l
i
n
e
 

t
e
s
t
a
 

a
r
e
 

p
a
r
t
i
c
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c
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n
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c
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b
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d
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n
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e
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r
i
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s
c
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n
t
 

b
l
a
c
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l
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e
-
b
l
a
c
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,
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r
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r
p
l
e
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r
i
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e
 

c
r
y
s
t
a
l
s
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t
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l
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b
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h
e
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m
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s
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u
l
e
s
 

a
n
d
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c
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.
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s
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n
g
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e
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p
l
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b
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p
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c
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c
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c
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c
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p
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c
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.
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.
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r
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p
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-
r
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n
a
l
y
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a
n
d
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F
i
g
u
r
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o
c
u
m
e
n
t
s
 

t
h
e
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a
c
t
 

t
h
a
t
 

t
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e
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r
e
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o
m
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o
s
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t
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e
 

p
y
r
i
t
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c
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n
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u
l
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c
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r
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a
n
d
 
t
h
e
 

e
n
e
r
g
y
 
d
i
s
p
e
r
s
i
v
e
 
X
-
r
a
y
 
a
n
a
l
y
s
i
s
 

s
h
o
w
e
d
 
t
h
a
t
 

i
t
 

i
s
 

c
o
m
p
o
s
e
d
 

o
f
 
c
a
l
c
i
u
m
,
 

i
r
o
n
,
 

s
i
l
i
c
a
 
a
n
d
 
p
o
t
a
s
s
i
u
m
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F
i
g
u
r
e
 

1
2
)
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T
h
e
 

f
i
n
e
l
y
 

p
e
r
f
o
r
a
t
e
 

t
e
s
t
s
 

o
f
 

G
l
o
b
o
b
u
l
i
m
i
n
a
 
a
f
f
i
n
i
s
 

m
o
s
t
 

c
o
m
m
o
n
l
y
 

d
i
s
p
l
a
y
 
t
h
i
s
 

p
r
e
c
i
p
i
t
a
t
e
,
 

b
u
t
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w
a
s
 
a
l
s
o
 
o
b
s
e
r
v
e
d
 
o
n
 
t
h
e
 
t
e
s
t
s
 

o
f
 

t
h
e
 

f
o
l
l
o
w
i
n
g
 

f 
o
r
a
m
i
n
i
f
 e
r
s
:
 

C
a
a
a
i
d
u
l
i
n
a
 
m
i
n
u
t
a
.
 

C
a
a
a
i
d
u
l
i
n
o
i
d
e
s
 

b
r
a
d
y
i
.
 

C
i
b
i
e
i
d
e
a
 
l
o
b
a
t
u
l
u
s
.
 

G
l
o
b
o
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.
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.
 

P
l
a
n
u
l
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.
 

R
o
a
a
l
i
n
a
 

C
o
l
u
m
b
i
a
n
s
i
a
.
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c
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.
 

W
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t
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o
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u
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r
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u
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,
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t
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e
m
a
i
n
s
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n
c
l
e
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r
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s
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o
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h
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t
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e
 

r
e
l
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t
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, 
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f
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,
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e
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e
e
n
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h
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c
h
a
m
b
e
r
 
c
o
a
t
i
n
g
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n
d
 
p
y
r
i
t
e
.
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s
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b
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c
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o
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c
e
n
e
-a
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v
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a
n
k
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b
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c
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e 
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y
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e
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n
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l 
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n
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le
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c
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o
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n
 

o
f 
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fl

e
c
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g
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h
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n
e
d
 

tu
r
b
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y
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e
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t 
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it
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u
c
e
d
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y
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P
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c
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e
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a
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l 
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e
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g
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u

p
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e
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r 
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te
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u

g
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g
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e
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o
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te

re
y
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n
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v
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e
 

d
e
p

o
s
it
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c
h
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r
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c
te

r
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e
d
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y
 

fo
u
r 

b
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o
r
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in
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r
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c
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e
lf
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p
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c
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c
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p
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n
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b
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c
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b
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b
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b
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c
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c
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c
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c
ti

o
n

 
in

 
d
is

s
o
lu

ti
o
n
 

d
u

e
 

to
 

ra
p

id
 

b
u
r
ia

l.
4
. 

T
h

e 
m

ud
 

d
e
p
o
s
it

s
, 

c
o
m

p
o
se

d
 

o
f 

h
e
m

ip
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c
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c
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c
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b
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o
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c
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n
c
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r 

w
h

e
th

e
r



p
r
e
d
a
t
i
o
n
 

o
c
c
u
r
s
 

w
i
t
h
i
n
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e 

o
x
y
g
e
n
-
m
i
n
i
m
u
m
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b
e
c
a
u
s
e
 

t
h
e
 
o
x
y
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e
n
 
c
o
n
t
e
n
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h
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n
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t
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n
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p
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p
e
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b
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n
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n
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l
 

t
e
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s
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u
r
s
 

c
o
m
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y
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e
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o
n
t
e
r
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y
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n
 

o
v
e
r
b
a
n
k
 

d
e
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o
s
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t
s
.
 

. 
F
o
r
a
m
i
n
i
f
e
r
s
 

e
n
d
e
m
i
c
 

t
o
 

l
o
w
-
o
x
y
g
e
n
 

e
n
v
i
r
o
n
m
e
n
t
s
,
 

o
r
 

t
h
o
s
e
 

c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 

f
i
n
e
l
y
 

p
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r
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o
r
a
t
e
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e
s
t
s
,
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r
e
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o
s
t
 

o
f
t
e
n
 

a
f
f
e
c
t
e
d
.
 

T
h
i
s
 

s
u
g
g
e
s
t
s
 

t
h
a
t
 

p
o
s
t
-
d
e
p
o
s
i
t
i
o
n
a
l
 

p
y
r
i
t
e
 
f
o
r
m
a
t
i
o
n
 

o
c
c
u
r
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i
t
h
e
r
 

w
i
t
h
i
n
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h
e
 
o
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e
n
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n
i
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a
 

o
f
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e
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a
t
e
r
 

c
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l
u
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,
 

o
r
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w
e
l
l
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o
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y
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e
n
a
t
e
d
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o
w
e
r
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a
t
h
y
a
l
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e
p
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e
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h
e
 

b
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r
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l
 

o
f
 

c
a
l
c
i
u
m
-
r
i
c
h
 

s
e
d
i
m
e
n
t
s
 

w
i
t
h
i
n
 

t
h
e
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o
x
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e
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t
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b
e
n
e
a
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h
 

t
h
e
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i
x
e
d
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e
d
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t
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c
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i
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c
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t
e
s
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t
u
r
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l
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i
s
t
o
r
y
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p
e
c
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i
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n
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P
h
i
l
o
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o
p
h
i
c
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l
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o
c
i
e
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o
f
 
M
a
n
c
h
e
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r
o
c
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e
d
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n
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o
c
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c
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h
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n
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a
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o
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r
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i
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a
l
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r
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c
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n
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r
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p
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c
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o
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r
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c
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c
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c
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n
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c
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c
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c
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c
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u
s
h
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o
u
n
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f
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r
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r
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c
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b
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s
c
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c
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r
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19
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r
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c
e
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r
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n
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h
e
 
G
a
l
a
p
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y
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h
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r
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n
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o
u
r
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r
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r
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e
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r
c
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e
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c
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i
n
e
 
s
e
d
i
m
e
n
t
s
,
 

i
n
 
T
r
a
s
k
,
 

P.
 

D.
, 

e
d
.
,
 

R
e
c
e
n
t
 

m
a
r
i
n
e
 

s
e
d
i
m
e
n
t
s
;
 

a 
s
y
m
p
o
s
i
u
m
:
 

T
u
l
s
a
,
 

O
k
l
a
h
o
m
a
,
 

A
m
e
r
i
c
a
n
 

A
s
s
o
c
i
a
t
i
o
n
 

o
f
 

P
e
t
r
o
l
e
u
m
 

G
e
o
l
o
g
i
s
t
s
,
 

p.
 

4
1
6
-
4
2
7
.



P
a
r
t
 

II
:

L
a
t
e
s
t
 
Q
u
a
t
e
r
n
a
r
y
 
t
e
r
r
e
s
t
r
i
a
l
 

a
n
d
 
m
a
r
i
n
e

p
a
l
e
o
c
l
i
m
a
t
e
s
:
 

p
o
l
l
e
n
 
a
n
d
 
f
o
r
a
m
i
n
i
f
e
r
a
!
 
e
v
i
d
e
n
c
e
 

f
r
o
m
 

M
o
n
t
e
r
e
y
 

F
a
n
,
 

c
e
n
t
r
a
l
 
C
a
l
i
f
o
r
n
i
a
 
c
o
n
t
i
n
e
n
t
a
l
 
m
a
r
g
i
n

A
b
s
t
r
a
c
t

P
o
l
l
e
n
 

a
n
d
 

f
o
r
a
m
i
n
i
f
e
r
s
 

w
e
r
e
 

a
n
a
l
y
z
e
d
 

f
r
o
m
 

i
d
e
n
t
i
c
a
l
 

s
a
m
p
l
e
s
 

o
f
 

a 
l
a
t
e
s
t
 

Q
u
a
t
e
r
n
a
r
y
 

d
e
e
p
-
s
e
a
 

c
o
r
e
 

o
b
t
a
i
n
e
d
 

f
r
o
m
 
M
o
n
t
e
r
e
y
 

F
a
n
.
 

A
 

Q-
ra

od
e 

c
l
u
s
t
e
r
 

a
n
a
l
y
s
i
s
 

d
i
v
i
d
e
d
 

t
h
e
 

p
o
l
l
e
n
 

s
a
m
p
l
e
s
 

i
n
t
o
 

f
i
v
e
 

g
r
o
u
p
s
 

b
a
s
e
d
 

p
r
i
m
a
r
i
l
y
 

u
p
o
n
 

v
a
r
i
a
t
i
o
n
s
 

i
n
 

t
h
e
 

r
e
l
a
t
i
v
e
 

a
b
u
n
d
a
n
c
e
 

o
f
 

t
h
e
 

f
o
u
r
 

m
a
j
o
r
 

p
o
l
l
e
n
 

t
y
p
e
s
:
 

p
i
n
e
,
 

r
e
d
w
o
o
d
,
 

o
a
k
 
a
n
d
 

C
o
m
p
o
s
i
t
a
e
.
 

T
h
e
s
e
 

g
r
o
u
p
s
,
 

i
n
 

t
u
r
n
,
 

w
e
r
e
 
u
s
e
d
 
t
o
 
d
e
f
i
n
e
 
f
i
v
e
 
p
o
l
l
e
n
 
z
o
n
e
s
.

T
h
e
 

e
a
r
l
i
e
s
t
 

z
o
n
e
 

is
 

c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 

v
e
r
y
 

a
b
u
n
d
a
n
t
 

p
i
n
e
 

a
n
d
 

r
a
r
e
 

f
i
r
 

p
o
l
l
e
n
,
 

r
e
f
l
e
c
t
i
n
g
 

t
h
e
 

v
e
g
e
t
a
t
i
o
n
a
l
 

r
e
s
p
o
n
s
e
 

t
o
 

c
l
i
m
a
t
i
c
 

c
o
n
d
i
t
i
o
n
s
 

o
f
 

t
h
e
 

l
a
s
t
 

g
l
a
c
i
a
l
 

i
n
t
e
r
v
a
l
.
 

O
v
e
r
l
y
i
n
g
 

t
h
i
s
 

i
s
 

a 
t
o
n
e
 

c
o
n
t
a
i
n
i
n
g
 

a 
p
o
l
l
e
n
 

a
s
s
e
m
b
l
a
g
e
 

i
n
d
i
c
a
t
i
v
e
 

o
f
 

v
e
g
e
t
a
t
i
o
n
 

i
n
 

a 
t
r
a
n
s
i
t
i
o
n
a
l
 

c
l
i
m
a
t
i
c
 

r
e
g
i
m
e
.
 

P
e
d
i
a
s
t
 r
un
\ 

a
n
d
 
d
i
n
o
f
 l
a
g
e
l
l
a
t
e
s
 

a
r
e
 
c
o
m
m
o
n
 

a
n
d
 

a
r
e
 

a
t
t
r
i
b
u
t
a
b
l
e
 

t
o
 

i
n
c
r
e
a
s
e
d
 

n
u
t
r
i
e
n
t
-
r
i
c
h
 

c
o
a
s
t
a
l
 

r
u
n
o
f
f
.
 

T
h
e
 
u
p
p
e
r
 
t
h
r
e
e
 
z
o
n
e
s
 
a
r
e
 

c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 

d
e
c
r
e
a
s
i
n
g
 
p
i
n
e
 
p
o
l
l
e
n
 

a
n
d
 

i
n
c
r
e
a
s
i
n
g
 

f
r
e
q
u
e
n
c
i
e
s
 

o
f
 

r
e
d
w
o
o
d
,
 

o
a
k
 
a
n
d
 
C
o
m
p
o
s
i
t
a
e
.
 

T
h
e
y
 
r
e
f
l
e
c
t
 
c
h
a
n
g
e
s
 

i
n
 

v
e
g
e
t
a
t
i
o
n
 
d
u
r
i
n
g
 
t
h
e
 
H
o
l
o
c
e
n
e
.

T
h
e
 

t
e
r
r
e
s
t
r
i
a
l
 

a
n
d
 

m
a
r
i
n
e
 

r
e
c
o
r
d
s
 

w
e
r
e
 

c
o
r
r
e
l
a
t
e
d
 

b
a
s
e
d
 
u
p
o
n
 
v
a
r
y
i
n
g
 

p
o
l
l
e
n
 

a
n
d
 
b
e
n
t
h
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
a
l
 
s
p
e
c
i
e
s
 

f
r
e
q
u
e
n
c
i
e
s
,
 

s
h
i
f
t
s
 

i
n
 
t
h
e
 
r
a
t
i
o
 

o
f
 

l
e
f
t
-
 

a
n
d
 

r
i
g
h
t
-
c
o
i
l
i
n
g
 

f
o
r
m
s
 

o
f
 

t
h
e
 

p
l
a
n
k
t
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
,
 

N
e
o
g
l
o
b
o
q
u
a
d
r
i
n
a
 
p
a
c
h
y
d
e
r
m
a
 

(
E
h
r
e
n
b
e
r
g
)
 ,

 
a
n
d
 

t
h
e
 

f
o
l
l
o
w
i
n
g
 

c
a
l
c
i
u
m
 

c
a
r
b
o
n
a
t
e
 

d
i
s
s
o
l
u
t
i
o
n
 

i
n
d
i
c
e
s
:
 

f
o
r
a
m
i
n
i
f
e
r
a
l
 

a
b
u
n
d
a
n
c
e
,
 

b
e
n
t
h
o
n
i
c
 

t
o
 

p
l
a
n
k
t
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
a
l
 

r
a
t
i
o
,
 

a
n
d
 

r
a
d
i
o
l
a
r
i
a
n
 

t
o
 

p
l
a
n
k
t
o
n
i
c
 

f
o
r
a
m
i
n
f
e
r
a
l
 

r
a
t
i
o
.
 

T
h
e
s
e
 

c
l
i
m
a
t
i
c
 

i
n
d
i
c
a
t
o
r
s
 

s
u
g
g
e
s
t
 

t
h
a
t
 

t
h
e
 
v
e
g
e
t
a
t
i
o
n
a
l
 

a
n
d
 

f
a
u
n
a
l
 

r
e
s
p
o
n
s
e
s
 

t
o
 

c
h
a
n
g
i
n
g
 

c
l
i
m
a
t
i
c
 

c
o
n
d
i
t
i
o
n
s
 

i
n
 

t
h
e
 

c
o
a
s
t
a
l
 

c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
 
r
e
g
i
o
n
 
d
u
r
i
n
g
 
t
h
e
 
l
a
t
e
s
t
 

Q
u
a
t
e
r
n
a
r
y
 
w
e
r
e
 
n
o
t
 
s
y
n
c
h
r
o
n
o
u
s
.

I
n
t
r
o
d
u
c
t
i
o
n

M
a
r
i
n
e
 
p
a
l
y
n
o
l
o
g
y
 
c
a
n
 
p
r
o
v
i
d
e
 
i
n
s
i
g
h
t
 
i
n
t
o
 
t
h
e
 

v
e
g
e
t
a
t
i
o
n
a
l
 
p
a
t
t
e
r
n
s
 

a
n
d
 

t
e
r
r
e
s
t
r
i
a
l
 
c
l
i
m
a
t
e
 
o
f
 
t
h
e
 

a
d
j
a
c
e
n
t
 

c
o
n
t
i
n
e
n
t
 

f
r
o
m
 

w
h
i
c
h
 

t
h
e
 

p
o
l
l
e
n
 

a
n
d
 

s
p
o
r
e
s
 

w
e
r
e
 

d
e
r
i
v
e
d
 

(
G
r
o
o
t
 

a
n
d
 

G
r
o
o
t
,
 

1
9
6
4
,
 

1
9
6
6
b
;
 

Z
a
k
l
i
n
s
k
a
y
a
,
 

1
9
7
8
;
 

C
r
o
n
i
n
 

a
n
d
 

o
t
h
e
r
s
,
 

1
9
8
1
)
 .

 
S
i
m
i
l
a
r
l
y
,
 

f
o
r
a
m
i
n
i
f
e
r
s
 

a
n
d
 

r
a
d
i
o
l
a
r
i
a
n
s
 

a
c
t
 

a
s
 

c
l
i
m
a
t
i
c
 
i
n
d
i
c
a
t
o
r
s
 

o
f
 

t
h
e
 
m
a
r
i
n
e
 

r
e
a
l
m
.
 

A
n
a
l
y
z
e
d

t
o
g
e
t
h
e
r
,
 

c
o
n
c
u
r
r
e
n
t
 

r
e
s
p
o
n
s
e
s
 

t
o
 

g
l
o
b
a
l
 

c
l
i
m
a
t
i
c
 

c
h
a
n
g
e
s
 
m
a
y
 

b
e
 
d
i
s
c
e
r
n
e
d
 

f
o
r
 
b
o
t
h
 

t
h
e
 

c
o
n
t
i
n
e
n
t
a
l
 

a
n
d
 

o
c
e
a
n
o
g
r
a
p
h
i
c
 

p
r
o
v
i
n
c
e
s
.
 

P
o
l
l
e
n
 

a
n
d
 

m
i
c
r
o
f
a
u
n
a
l
 

d
a
t
a
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 
i
d
e
n
t
i
c
a
l
 

s
a
m
p
l
e
s
 

o
f
 

a 
M
o
n
t
e
r
e
y
 

F
a
n
 

d
e
e
p
-
s
e
a
 

c
o
r
e
 

p
r
o
v
i
d
e
 

a
n
 

e
x
c
e
l
l
e
n
t
 

o
p
p
o
r
t
u
n
i
t
y
 

t
o
 

c
o
r
r
e
l
a
t
e
 

t
e
r
r
e
s
t
r
i
a
l
 

a
n
d
 

m
a
r
i
n
e
 

p
a
l
e
o
c
l
i
m
a
t
i
c
 

c
h
a
n
g
e
s
 

i
n
 

t
h
e
 

c
o
a
s
t
a
l
 

c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
 

r
e
g
i
o
n
 
d
u
r
i
n
g
 
t
h
e
 
l
a
t
e
s
t
 
Q
u
a
t
e
r
n
a
r
y
.

A
l
t
h
o
u
g
h
 

c
e
n
t
r
a
l
 

c
o
a
s
t
a
l
 

C
a
l
i
f
o
r
n
i
a
 

i
s
 

c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 

a 
d
i
v
e
r
s
e
 

m
o
r
a
l
e
 

o
f
 

p
l
a
n
t
 

c
o
m
m
u
n
i
t
i
e
s
 

(
O
r
n
d
u
f
f
,
 

1
9
7
4
)
,
 

t
h
e
 

n
u
m
b
e
r
 

o
f
 

s
t
u
d
i
e
s
 

i
n
v
e
s
t
i
g
a
t
i
n
g
 
r
e
c
e
n
t
 
a
n
d
 
f
o
s
s
i
l
 
p
o
l
l
e
n
 

i
s
 

r
e
m
a
r
k
a
b
l
y
 

l
o
w
 

(
A
d
a
m
,
 

1
9
8
5
)
.
 

P
u
b
l
i
s
h
e
d
 

s
t
u
d
i
e
s
 

i
n
c
l
u
d
e
 

t
h
e
 

m
o
d
e
r
n
 

c
o
n
t
i
n
e
n
t
a
l
 

a
n
d
 
o
f
f
s
h
o
r
e
 

c
o
a
s
t
a
l
 

C
a
l
i
f
o
r
n
i
a
 

p
o
l
l
e
n
 

i
n
v
e
s
t
i
g
a
t
i
o
n
s
 

b
y
 

H
e
u
s
s
e
r
 

(
1
9
8
3
)
 

a
n
d
 

H
e
u
s
s
e
r
 
a
n
d
 
B
a
l
s
a
m
 

(
1
9
7
7
)
,
 

a 
c
o
r
r
e
l
a
t
i
o
n
 
o
f
 
Q
u
a
t
e
r
n
a
r
y
 

m
a
r
i
n
e
 
d
e
p
o
s
i
t
s
 
f
r
o
m
 
t
h
e
 
c
o
n
t
i
n
e
n
t
a
l
 
s
l
o
p
e
 
w
e
s
t
 
o
f
 
t
h
e
 

m
o
u
t
h
 

o
f
 
t
h
e
 
R
u
s
s
i
a
n
 
R
i
v
e
r
 
w
i
t
h
 
s
e
d
i
m
e
n
t
s
 

f
r
o
m
 
C
l
e
a
r
 

L
a
k
e
,
 

C
a
l
i
f
o
r
n
i
a
 

(
G
a
r
d
n
e
r
 

a
n
d
 

o
t
h
e
r
s
,
 

1
9
8
3
,
 

i
n
 

p
r
e
s
s
)
,
 

t
h
e
 

Q
u
a
t
e
r
n
a
r
y
 
r
e
c
o
r
d
 

p
r
o
d
u
c
e
d
 

b
y
 
A
d
a
m
 
a
n
d
 

o
t
h
e
r
s
 

(
1
9
8
1
)
 

f
o
r
 
t
h
e
 
L
a
g
u
n
a
 

d
e
 

l
a
s
 
T
r
a
n
c
a
s
 
m
a
r
s
h
 
o
f
 

c
o
a
s
t
a
l
 

n
o
r
t
h
e
r
n
 

S
a
n
t
a
 

C
r
u
z
 

C
o
u
n
t
y
,
 

a
n
d
 

t
h
e
 

l
a
t
e
 

H
o
l
o
c
e
n
e
 

p
o
l
l
e
n
 
s
t
u
d
y
 
o
f
 
P
e
a
r
s
o
n
'
s
 
P
o
n
d
 
l
o
c
a
t
e
d
 
n
e
a
r
 

L
a
 
H
o
n
d
a
 

i
n
 

t
h
e
 
n
o
r
t
h
e
r
n
 
p
o
r
t
i
o
n
 

o
f
 

t
h
e
 

S
a
n
t
a
 

C
r
u
z
 

M
o
u
n
t
a
i
n
s
 

(A
da

m,
 

1
9
7
5
)
.

A
 
c
o
n
c
u
r
r
e
n
t
 
s
t
u
d
y
 

(
M
c
G
a
n
n
,
 

1
9
8
6
)
 

i
n
v
e
s
t
i
g
a
t
i
n
g
 

t
h
e
 

r
e
l
a
t
i
o
n
s
h
i
p
 

b
e
t
w
e
e
n
 

c
l
i
m
a
t
i
c
a
l
l
y
-
i
n
d
u
c
e
d
 

f
a
u
n
a
l
 

c
h
a
n
g
e
s
,
 

t
a
p
h
o
n
o
m
y
,
 

a
n
d
 

d
i
s
s
o
l
u
t
i
o
n
 

e
f
f
e
c
t
s
 

o
n
 

t
h
e
 

m
i
c
r
o
f
a
u
n
a
l
 

a
s
s
e
m
b
l
a
g
e
s
 

o
f
 

t
h
e
 
M
o
n
t
e
r
e
y
 

F
a
n
 

d
e
e
p
-
 

s
e
a
 

d
e
p
o
s
i
t
s
,
 

a
n
d
 

t
h
e
 

r
e
f
e
r
e
n
c
e
s
 
u
t
i
l
i
z
e
d
 
t
h
e
r
e
i
n
,
 

p
r
o
v
i
d
e
 

t
h
e
 

m
a
r
i
n
e
 

p
a
l
e
o
c
l
i
m
a
t
i
c
 

c
o
m
p
a
r
i
s
o
n
 

f
o
r
 

t
h
i
s
 
p
r
e
s
e
n
t
 
w
o
r
k
.

S
e
t
t
i
n
g

M
o
n
t
e
r
e
y
 
F
a
n
 

i
s
 

a
n
 
a
c
t
i
v
e
 
d
e
p
o
s
i
t
i
o
n
a
l
 

r
e
g
i
o
n
,
 

p
r
e
s
e
n
t
l
y
 

e
n
c
o
m
p
a
s
s
i
n
g
 

4
4
,
0
0
0
 

k
m
2 

o
f
 
o
c
e
a
n
 
f
l
o
o
r
 

(
M
o
r
m
a
r
k
 

a
n
d
 

H
e
s
s
,
 

1
9
8
0
)
,
 

t
h
a
t
 

l
i
e
s
 

w
e
s
t
 

o
f
 

t
h
e
 

c
o
n
t
i
n
e
n
t
a
l
 

s
l
o
p
e
 

o
f
f
 

c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
 

(
F
i
g
u
r
e
 

1)
 .

 
T
h
i
s
 

d
e
e
p
 

s
e
a
 

t
u
r
b
i
d
i
t
i
c
 

d
e
p
o
s
i
t
 

r
e
c
e
i
v
e
s
 

s
e
d
i
m
e
n
t
s
 

f
r
o
m
 
t
h
e
 
c
o
n
t
i
n
e
n
t
a
l
 

s
h
e
l
f
 
a
n
d
 
u
p
p
e
r
 
s
l
o
p
e
 

p
r
i
m
a
r
i
l
y
 

v
i
a
 

t
h
e
 

M
o
n
t
e
r
e
y
 

a
n
d
 

A
s
c
e
n
s
i
o
n
 

s
u
b
m
a
r
i
n
e
 

c
a
n
y
o
n
 

s
y
s
t
e
m
s
.
 

H
o
w
e
v
e
r
,
 

b
o
t
h
 

s
y
s
t
e
m
s
 

h
a
v
e
 

n
o
t
 

c
o
n
t
r
i
b
u
t
e
d
 

s
e
d
i
m
e
n
t
s
 

e
q
u
a
l
l
y
 

t
o
 

t
h
e
 

f
a
n
 

d
u
r
i
n
g
 

t
h
e
 

Q
u
a
t
e
r
n
a
r
y
.
 

B
e
c
a
u
s
e
 
t
h
e
 
M
o
n
t
e
r
e
y
 

f
a
n
 
v
a
l
l
e
y
 
t
r
a
n
s
e
c
t
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Figure 3. Modern tree distributions in California (after Little, 1971; Griffin 
and Critchfield, 1976).

Figure 3. Modern tree distributions in California (continued).
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w
e
r
e
 
s
t
a
i
n
e
d
 
w
i
t
h
 

t
w
o
 
d
r
o
p
s
 

o
f
 
s
a
f
r
a
n
i
n
 
a
n
d
 
m
o
u
n
t
e
d
 

in
 

s
i
l
i
c
o
n
e
 

o
i
l
 

(A
nd
er
so
n,
 

19
60

, 
19

65
) 

. 
A
t
 

no
 

t
i
m
e
 
w
e
r
e
 
s
a
m
p
l
e
s
 
s
i
e
v
e
d
;
 

t
h
e
 
f
i
n
e
-
g
r
a
i
n
e
d
 

m
a
t
e
r
i
a
l
 

w
a
s
 

d
e
c
a
n
t
e
d
 

a
n
d
 

r
e
t
a
i
n
e
d
 

w
h
i
l
e
 

t
h
e
 

c
o
a
r
s
e
-
g
r
a
i
n
e
d
 

m
a
t
e
r
i
a
l
 
w
a
s
 

d
i
s
c
a
r
d
e
d
.

P
o
l
l
e
n
 
T
y
p
e
s

U
t
i
l
i
z
i
n
g
 
an
 
O
l
y
m
p
u
s
 
B
H
-
2
 
c
o
m
p
o
u
n
d
 
m
i
c
r
o
s
c
o
p
e
,
 

a 
m
i
n
i
m
u
m
 
o
f
 
35

0 
p
o
l
l
e
n
 

g
r
a
i
n
s
 
a
n
d
 
s
p
o
r
e
s
 
w
a
s
 
c
o
u
n
t
e
d
 

a
n
d
 

i
d
e
n
t
i
f
i
e
d
 

in
 

e
a
c
h
 

s
a
m
p
l
e
 

(
A
p
p
e
n
d
i
x
 

5)
. 

T
h
e
 

a
b
u
n
d
a
n
c
e
s
 
o
f
 
P
e
d
i
a
a
t
 r
u
m
 

c
o
l
o
n
i
e
s
,
 

d
i
n
o
f
l
a
g
e
l
l
a
t
e
s
,
 

o
r
g
a
n
i
c
 
m
e
m
b
r
a
n
e
s
 

o
f
 

f
o
r
a
m
i
n
i
f
e
r
s
,
 

a
n
d
 

a 
d
i
s
t
i
n
c
t
i
v
e
 

f
u
n
g
a
l
 
s
p
o
r
e
 

(t
yp

e-
A)

 
w
e
r
e
 
a
l
s
o
 
n
o
t
e
d
.

I
d
e
n
t
i
f
i
c
a
t
i
o
n
 

o
f
 

s
o
m
e
 

o
f
 

t
h
e
 

m
a
j
o
r
 

p
o
l
l
e
n
 

ty
pe
s,
 

s
u
c
h
 

as
 
T
a
x
o
d
i
a
c
e
a
e
-
C
u
p
r
e
s
s
a
c
e
a
e
-
T
a
x
a
c
e
a
e
 
a
n
d
 

C
h
e
n
o
p
o
d
i
a
c
e
a
e
-
A
m
a
r
a
n
t
h
a
c
e
a
e
 

i
s
 

t
a
x
o
n
o
m
i
c
a
l
l
y
 

d
i
f
f
i
c
u
l
t
,
 

as
 

r
e
l
i
a
b
l
e
 

c
r
i
t
e
r
i
a
 

f
o
r
 

t
h
e
i
r
 

d
i
f
f
e
r
e
n
t
i
a
t
i
o
n
 

to
 

t
h
e
 

g
e
n
u
s
 

o
r
 
s
p
e
c
i
e
s
 
l
e
v
e
l
 
a
r
e
 

p
r
e
s
e
n
t
l
y
 
l
a
c
k
i
n
g
 

(H
eu
ss
er
, 

1
9
7
8
b
;
 

A
d
a
m
 
a
n
d
 
o
t
h
e
r
s
,
 

1
9
8
1
)
 .

 
C
o
n
s
e
q
u
e
n
t
l
y
,
 

t
h
e
s
e
 

p
o
l
l
e
n
 

t
y
p
e
s
 

w
e
r
e
 

c
o
m
b
i
n
e
d
 

u
n
d
e
r
 

t
h
e
 

c
a
t
e
g
o
r
i
e
s
 

T
C
T
 

a
n
d
 

C
h
e
n
o
-
A
m
s
,
 

r
e
s
p
e
c
t
i
v
e
l
y
.
 

H
o
w
e
v
e
r
,
 

s
i
n
c
e
 
m
o
s
t
 
o
f
 
t
h
e
 

T
C
T
 
g
r
a
i
n
s
 

r
e
c
o
v
e
r
e
d
 

i
n
 

t
h
i
s
 

s
t
u
d
y
 

a
r
e
 

c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 

a 
r
e
l
a
t
i
v
e
l
y
 
t
h
i
c
k
 

ex
in
e,
 

l
o
c
a
l
l
y
 
d
e
n
s
e
 
v
e
r
r
u
c
a
e
,
 

a
n
d
 

a 
s
h
o
r
t
 

p
a
p
i
l
l
a
,
 

t
h
e
y
 

a
r
e
 

c
o
n
s
i
d
e
r
e
d
 

t
o
 

b
e
 

r
e
d
w
o
o
d
 

p
o
l
l
e
n
 

(
K
a
p
p
,
 

1
9
6
9
;
 

A
d
a
m
 

a
n
d
 

o
t
h
e
r
s
,
 

1
9
8
1
)
 .

 
F
u
r
t
h
e
r
m
o
r
e
,
 

b
e
c
a
u
s
e
 
r
e
d
w
o
o
d
 
is

 
n
o
w
 
l
o
c
a
l
l
y
 
c
o
m
m
o
n
 

in
 

t
h
e
 
M
o
n
t
e
r
e
y
 
B
a
y
 
a
r
e
a
 

(K
uc

hl
er

, 
1
9
7
7
;
 

Zi
nk

e,
 

1
9
7
7
)
,
 

th
e 

TC
T 

c
u
r
v
e
 

is
 
a
s
s
u
m
e
d
 
t
o
 
r
e
f
l
e
c
t
 
c
h
a
n
g
e
s
 
in
 
r
e
d
w
o
o
d
 

a
b
u
n
d
a
n
c
e
.

CO



P
i
n
e
 
p
o
l
l
e
n
 
a
l
s
o
 
c
o
n
s
t
i
t
u
t
e
s
 
a 

t
a
x
o
n
o
m
i
c
 
p
r
o
b
l
e
m
.
 

A
l
t
h
o
u
g
h
 

s
e
v
e
r
a
l
 

a
u
t
h
o
r
s
 

h
a
v
e
 

s
u
g
g
e
s
t
e
d
 

t
h
a
t
 

d
i
s
t
i
n
c
t
i
o
n
s
 

c
a
n
 

b
e
 
m
a
d
e
 
b
e
t
w
e
e
n
 

t
h
e
 
v
a
r
i
o
u
s
 

s
p
e
c
i
e
s
 

o
f
 
p
i
n
e
 

u
t
i
l
i
z
i
n
g
 

l
i
g
h
t
 

m
i
c
r
o
s
c
o
p
y
 

(C
ai

n,
 

19
40
; 

C
a
i
n
 
a
n
d
 
Ca
in

, 
19
48
; 

Ti
ng
, 

19
66
; 

H
a
n
s
e
n
 
a
n
d
 
G
u
s
h
i
n
g
,
 

1
9
7
3
)
,
 

t
h
e
i
r
 

m
e
t
h
o
d
s
 

r
e
q
u
i
r
e
 

t
h
e
 

m
e
a
s
u
r
e
m
e
n
t
 

o
f
 

v
a
r
i
o
u
s
 
m
o
r
p
h
o
l
o
g
i
c
a
l
 

c
h
a
r
a
c
t
e
r
s
 

t
h
a
t
 

a
r
e
 

c
o
m
m
o
n
l
y
 

o
b
s
c
u
r
e
d
 

o
r
 

p
o
o
r
l
y
 
p
r
e
s
e
r
v
e
d
 

o
n
 

p
o
l
l
e
n
 

g
r
a
i
n
s
 

r
e
c
o
v
e
r
e
d
 

f
r
o
m
 

m
a
r
i
n
e
 

s
e
d
i
m
e
n
t
s
 

(
H
e
u
s
s
e
r
 

a
n
d
 

B
a
l
s
a
m
,
 

19
77
; 

H
e
u
s
s
e
r
,
 

19
78
b)
. 

T
h
e
r
e
f
o
r
e
,
 

n
o
 
a
t
t
e
m
p
t
 

w
a
s
 
m
a
d
e
 
t
o
 
i
d
e
n
t
i
f
y
 

t
h
e
 

p
i
n
e
 

p
o
l
l
e
n
 

r
e
c
o
v
e
r
e
d
 

t
o
 

t
h
e
 
s
p
e
c
i
e
s
 

l
e
v
e
l
.

T
h
e
 

C
o
m
p
o
s
i
t
a
e
 

is
 

r
e
p
r
e
s
e
n
t
e
d
 
b
y
 

s
e
v
e
r
a
l
 

p
o
l
l
e
n
 

t
y
p
e
s
 

in
 
c
o
r
e
 

S3
-1
5G
; 

d
o
m
i
n
a
n
t
 

a
r
e
 

t
h
e
 

h
i
g
h
-
 

(c
f.
 
B
a
c
e
h
a
r
i
a
 i 

a
n
d
 
l
o
w
-
s
p
i
n
e
d
 

(c
f.
 
A
m
b
r
e
a
i
a
J
 

m
o
r
p
h
o
t
y
p
e
s
.
 

A
d
d
i
t
i
o
n
a
l
l
y
,
 

r
e
p
r
e
s
e
n
t
a
t
i
v
e
s
 

o
f
 

t
h
e
 

P
o
l
y
p
o
d
i
a
c
e
a
e
 

a
n
d
 

L
y
c
o
p
o
d
i
a
c
e
a
e
,
 

a
s
 

w
e
l
l
 

as
 

r
a
r
e
 

c
o
n
s
t
i
t
u
e
n
t
s
 
o
f
 
o
t
h
e
r
 
r
e
l
a
t
e
d
 
f
a
m
i
l
i
e
s
,
 

w
e
r
e
 

p
l
a
c
e
d
 

i
n
 

t
h
e
 

g
e
n
e
r
a
l
 

c
a
t
e
g
o
r
i
e
s
 

o
f
 
m
o
n
o
l
e
t
e
 
a
n
d
 
t
r
i
l
e
t
e
 

s
p
o
r
e
s
.

V
e
r
y
 
p
o
o
r
l
y
 
p
r
e
s
e
r
v
e
d
 
g
r
a
i
n
s
 
w
e
r
e
 
a
s
s
i
g
n
e
d
 
t
o
 

t
h
e
 

i
n
d
e
t
e
r
m
i
n
a
t
e
 

c
a
t
e
g
o
r
y
.
 

I
n
c
l
u
d
e
d
 

in
 
t
h
e
 
T
C
T
 

g
r
o
u
p
 

m
a
y
 

b
e
 

r
e
p
r
e
s
e
n
t
a
t
i
v
e
s
 

o
f
 

t
h
e
 

g
e
n
e
r
a
 

C
u
p
r
e
s
s
u
a
.
 

J
u
n
i
p
e
r
u
a
 

a
n
d
 

T
o
r
r
e
y
a
.
 

E
v
e
n
 
t
h
o
u
g
h
 

t
h
e
s
e
 

g
e
n
e
r
a
 

a
r
e
 

f
o
u
n
d
 

as
 
m
a
c
r
o
f
o
s
s
i
l
s
 

in
 
Q
u
a
t
e
r
n
a
r
y
 

d
e
p
o
s
i
t
s
 

i
n
 

S
a
n
 

M
a
t
e
o
 

C
o
u
n
t
y
 

(
H
e
l
l
e
y
 

a
n
d
 

o
t
h
e
r
s
,
 

1
9
7
2
)
,
 

t
h
e
i
r
 

t
h
i
n
-
w
a
l
l
e
d
 

g
r
a
i
n
s
 

a
r
e
 

c
o
m
m
o
n
l
y
 

c
r
u
m
p
l
e
d
 

a
n
d
 

a
r
e
 

n
o
t
 

w
e
l
l
 

r
e
p
r
e
s
e
n
t
e
d
 

i
n
 

m
a
r
i
n
e
 

r
e
c
o
r
d
s
.
 

R
e
d
e
p
o
s
i
t
e
d
 

g
r
a
i
n
s
,
 

d
e
t
e
c
t
e
d
 

b
y
 

t
h
e
i
r
 

p
o
o
r
 
p
r
e
s
e
r
v
a
t
i
o
n
a
l
 

s
t
a
t
e
 

a
n
d
 

y
e
l
l
o
w
/
b
r
o
w
n
 
c
o
l
o
r
 

d
u
e
 

t
o
 

l
a
c
k
 

o
f
 

a
b
s
o
r
p
t
i
o
n
 

o
f
 

t
h
e
 

S
a
f
r
a
n
i
n
-
O
 

s
t
a
i
n
 

(
S
t
a
n
l
e
y
,
 

19
66
),
 

w
e
r
e
 
a
l
s
o
 

no
te

d.

R
e
p
l
i
c
a
t
e
 

C
o
u
n
t
s

I
n
 

p
a
l
y
n
o
l
o
g
y
,
 

t
h
e
 

a
s
s
u
m
p
t
i
o
n
 

is
 

m
a
d
e
 

t
h
a
t
 

r
e
p
l
i
c
a
t
e
 

p
o
l
l
e
n
 
c
o
u
n
t
s
 

ar
e 

p
o
s
s
i
b
l
e
 
f
r
o
m
 
a
l
l
 
s
l
i
d
e
s
 

m
a
d
e
 

f
r
o
m
 
t
h
e
 
p
r
o
c
e
s
s
e
d
 

r
e
s
i
d
u
e
 

o
f
 

a 
s
i
n
g
l
e
 

s
a
m
p
l
e
.
 

I
n
 

t
h
i
s
 

s
t
u
d
y
,
 

a 
b
r
i
e
f
 

t
e
s
t
 

w
a
s
 

u
n
d
e
r
t
a
k
e
n
 

t
o
 

e
n
s
u
r
e
 

t
h
a
t
 
s
l
i
d
e
 
p
r
e
p
a
r
a
t
i
o
n
 
a
n
d
 
c
o
u
n
t
i
n
g
 
p
r
o
c
e
d
u
r
e
s
 

w
e
r
e
 
n
o
t
 
v
i
o
l
a
t
i
n
g
 
t
h
i
s
 
t
e
n
e
t
 

(
A
p
p
e
n
d
i
x
 

6)
 .

 
T
h
r
e
e
 

s
u
c
c
e
s
s
i
v
e
 

s
l
i
d
e
s
 

w
e
r
e
 

p
r
o
d
u
c
e
d
 

f
r
o
m
 

t
h
e
 

p
o
l
l
e
n
 

r
e
s
i
d
u
e
 

o
f
 

s
a
m
p
l
e
 

1
6
8
-
1
7
0
 

c
m
 

a
n
d
 

s
c
a
n
n
e
d
 

f
o
r
 

p
a
l
y
n
o
m
o
r
p
h
s
.
 

A
 
t
o
t
a
l
 

o
f
 

3
6
3
 

p
o
l
l
e
n
 

g
r
a
i
n
s
 

w
e
r
e
 

c
o
u
n
t
e
d
 

o
n
 

e
a
c
h
 

s
l
i
d
e
.
 

C
u
r
s
o
r
y
 

e
x
a
m
i
n
a
t
i
o
n
 

o
f
 

t
h
e
 

c
o
u
n
t
s
 

r
e
v
e
a
l
s
 

h
o
w
 

r
e
m
a
r
k
a
b
l
y
 
s
i
m
i
l
a
r
 

t
h
e
 

r
e
s
u
l
t
s
 

o
f
 

t
h
e
 
t
h
r
e
e
 

t
r
i
a
l
s
 

w
e
r
e
;
 

a 
c
h
i
-
s
q
u
a
r
e
 
t
e
s
t
 
p
e
r
f
o
r
m
e
d
 

o
n
 

t
h
e
s
e
 

d
a
t
a
 

s
u
g
g
e
s
t
s
 

t
h
a
t
 

(a
t 

t
h
e
 

95
% 

c
o
n
f
i
d
e
n
c
e
 

l
e
v
e
l
)
 

p
o
l
l
e
n
 

c
o
u
n
t
s
 

f
r
o
m
 

s
t
r
e
w
n
 

s
l
i
d
e
s
 

a
r
e
 

h
i
g
h
l
y
 

r
e
p
l
i
c
a
b
l
e
.

T
h
e
 
D
a
t
a P
o
l
l
e
n
 
p
e
r
c
e
n
t
a
g
e
s
 
w
e
r
e
 
c
a
l
c
u
l
a
t
e
d
 
u
t
i
l
i
z
i
n
g
 

a 
su

m 
of
 

t
o
t
a
l
 
p
o
l
l
e
n
;
 

P
a
d
i
a
a
t
r
u
m
,
 

d
i
n
o
f
l
a
g
e
l
l
a
t
e
s
,
 

a
n
d
 

f
u
n
g
a
l
 
s
p
o
r
e
 
t
y
p
e
-
A
 
w
e
r
e
 
c
o
m
p
u
t
e
d
 
w
i
t
h
 

a 
s
u
m
 
o
f
 

t
o
t
a
l
 
p
o
l
l
e
n
 

+ 
p
a
l
y
n
o
m
o
r
p
h
s
.
 

O
n
c
e
 
c
o
n
v
e
r
t
e
d
 

t
o
 

f
r
e
q
u
e
n
c
y
 
da
ta
, 

t
h
e
 
p
o
l
l
e
n
 
c
o
u
n
t
s
 
w
e
r
e
 
s
u
b
j
e
c
t
e
d
 
t
o
 

a 
Q
-
m
o
d
e
 

c
l
u
s
t
e
r
 

a
n
a
l
y
s
i
s
 

i
n
 

o
r
d
e
r
 

t
o
 

g
r
o
u
p
 

s
a
m
p
l
e
s
 

a
c
c
o
r
d
i
n
g
 

to
 
t
h
e
i
r
 

d
e
g
r
e
e
 

o
f
 
s
i
m
i
l
a
r
i
t
y
.
 

T
h
e
 
d
a
t
a
 

s
e
t
 

c
o
n
s
i
s
t
s
 

o
f
 

t
h
e
 

r
e
l
a
t
i
v
e
 

a
b
u
n
d
a
n
c
e
 

o
f
 

t
h
e
 

m
o
s
t
 

c
o
m
m
o
n
 
p
o
l
l
e
n
 
t
y
p
e
s
 

(T
ab
le
 

1)
 

i
n
 

t
h
e
 

32
 

s
a
m
p
l
e
s
.
 

T
h
e
s
e
 

s
a
m
p
l
e
s
 

w
e
r
e
 

c
l
u
s
t
e
r
e
d
 
b
y
 

t
h
e
 

u
n
w
e
i
g
h
t
e
d
 
p
a
i
r
 

g
r
o
u
p
 

m
e
t
h
o
d
 

u
t
i
l
i
z
i
n
g
 

a 
c
h
i
-
s
q
u
a
r
e
 

c
o
r
r
e
l
a
t
i
o
n
 

c
o
e
f
f
i
c
i
e
n
t
 

a
n
d
 
a
m
a
l
g
a
m
a
t
e
d
 

b
y
 

a 
c
e
n
t
r
o
i
d
 
l
i
n
k
a
g
e
 

s
t
r
a
t
e
g
y
 

(
D
i
x
o
n
,
 

1
9
8
3
)
.
 

T
h
e
 

U
n
i
v
e
r
s
i
t
y
 

o
f
 

C
a
l
i
f
o
r
n
i
a
'
s
 

b
i
o
m
e
d
i
c
a
l
 

c
o
m
p
u
t
e
r
 

p
r
o
g
r
a
m
,
 

B
M
D
P
-
2
M
,
 

w
a
s
 

u
t
i
l
i
z
e
d
 

t
o
 

a
c
c
o
m
p
l
i
s
h
 

t
h
i
s
 

a
n
a
l
y
s
i
s
 

(
D
i
x
o
n
,
 

1
9
8
3
)
 .

S
e
d
i
m
e
n
t
 

A
g
e T
h
e
 

a
g
e
 

o
f
 

t
h
e
s
e
 

o
v
e
r
b
a
n
k
 

d
e
p
o
s
i
t
s
 

w
a
s
 

d
e
t
e
r
m
i
n
e
d
 

b
y
 

d
i
s
c
e
r
n
i
n
g
 

c
h
a
n
g
e
s
 

in
 

t
h
e
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POLLEN ZONE

Figure 6. Pollen diagram for the minor types plotted with depth in core S3-15G 
The horizontal scale is in percentage and is not the same for all curves.

Table 2. Dry sediment weight, fossil lumber*, absolute pollen concentration. Q-mode cluster group and lithology in 
core S3-15G. Broken pine grain* counted a* half. The lithology abbreviation* are as follows: H, hemipelagic mud; 
T, turbiditic mud: S, turbiditic sand; M. mined lithology of hemipelagic and turbiditic muds and/or turbiditic 
sand.

Depth 
In Core 
(cm)

0-4 
20-22
40-42
46-48
60-62
80-82
97.5-99.5
120-122
130-132
133.5-136.5
140-142
152.5-154.5
168-170
171-173
180-182
190-192
210-212
230-232
248-250
270-272
290-292
310-312
330-332
336.5-338
347-349
370-372
390-392
410-412
412-414.5
430-432
445.5-447.5
467.5-469.5

Sample 
Number

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
IB
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Dry 
Sediment 
weight 
(gm)

0.48 
0.52
0.59
0.90
0.52
0.54
0.62
0.56
O.B3
1.23
0.68
0.72
0.85'
1.07
0.71
0.72
0.86
0.76
1.52
0.75
0.83
0.78
0.8?
1.19
0.83
0.94
0.89
0.90
1.07
0.81
0.77
1.01

Number of 
Pollen 
Grain* 
Counted

377 
411
416
396.5
380
371
398
390
371
386
381.5
383
362.5
375.5
361.5
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ABSOLUTE POLLEN CONCENTRATION (Grains/gm)
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Figure 8. Absolute pollen concentration plotted with depth in core S3-15G. S 
location of the turbiditic sand samples.
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e
 

s
a
m
p
l
e
s
 

i
n
t
o
 

f
i
v
e
 

c
l
u
s
t
e
r
s
 

(A
-E
, 

F
i
g
u
r
e
 

9)
 .

 
F
o
r
 

t
h
e
 
m
o
s
t
 

pa
rt
, 

t
h
e
 

g
r
o
u
p
i
n
g
s
 
a
r
e
 
s
t
r
a
t
i
g
r
a
p
h
i
c
a
l
l
y
 
h
o
m
o
g
e
n
e
o
u
s
 

(T
ab
le
 

2)
, 

w
i
t
h
 

e
a
c
h
 

c
l
u
s
t
e
r
 
e
n
c
o
m
p
a
s
s
i
n
g
 
b
e
t
w
e
e
n
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 

50
 
an
d 

15
0 

cm
 
of

 
th

e 
co

re
.

A
 
c
u
r
s
o
r
y
 
e
x
a
m
i
n
a
t
i
o
n
 
of

 
t
h
e
 
Q
-
m
o
d
e
 
c
l
u
s
t
e
r
 

d
i
a
g
r
a
m
 

(
F
i
g
u
r
e
 

9)
 

s
u
g
g
e
s
t
s
 

t
h
a
t
 

t
h
e
r
e
 

is
 

n
o
 

r
e
l
a
t
i
o
n
s
h
i
p
 

b
e
t
w
e
e
n
 

s
a
m
p
l
e
 

l
i
t
h
o
l
o
g
y
 

a
n
d
 

c
l
u
s
t
e
r
s
;
 

t
h
e
 

c
l
u
s
t
e
r
s
 

c
o
n
t
a
i
n
 

v
a
r
i
o
u
s
 

c
o
m
b
i
n
a
t
i
o
n
s
 

o
f
 

h
e
m
i
p
e
l
a
g
i
c
 

mu
ds
, 

t
u
r
b
i
d
i
t
i
c
 

s
a
n
d
s
 

a
n
d
 
mu
ds
, 

a
n
d
 

m
i
x
e
d
 

(
b
i
o
t
u
r
b
a
t
e
d
)
 

d
e
p
o
s
i
t
s
.
 

T
h
i
s
 

f
i
n
d
i
n
g
 

is
 

in
 

di
re

ct
 
c
o
n
t
r
a
s
t
 
to

 
th

e 
r
e
l
a
t
i
o
n
s
h
i
p
 

o
b
s
e
r
v
e
d
 

b
e
t
w
e
e
n
 

l
i
t
h
o
l
o
g
y
 

a
n
d
 

t
h
e
 

b
e
n
t
h
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
s
 

a
l
s
o
 

r
e
c
o
v
e
r
e
d
 
fr

om
 
le

ve
e 

co
re

 
S
3
-
1
5
G
 

(M
cG
an
n,
 

19
86
).
 

Th
e 

d
i
s
t
r
i
b
u
t
i
o
n
 

o
f
 

b
e
n
t
h
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
s
 

in
 

t
h
e
 

o
v
e
r
b
a
n
k
 
s
e
d
i
m
e
n
t
s
 
r
e
f
l
e
c
t
s
 
e
i
t
h
e
r
 
t
h
e
i
r
 
in

 
s
i
t
u
 
l
o
w
e
r
 

b
a
t
h
y
a
l
 
s
o
u
r
c
e
 
or

 
th

e 
e
f
f
e
c
t
s
 
of
 

d
o
w
n
s
l
o
p
e
 
tr

an
sp

or
t.

 
In
 

c
o
n
t
r
a
s
t
,
 

c
o
n
t
i
n
e
n
t
a
l
l
y
 
d
e
r
i
v
e
d
 
p
o
l
l
e
n
 
g
r
a
i
n
s
 

a
n
d
 

s
p
o
r
e
s
 
m
a
y
 
o
n
l
y
 

r
e
a
c
h
 
t
h
e
 

c
o
r
e
 
s
i
t
e
 

b
y
 

t
r
a
n
s
p
o
r
t
 

p
r
o
c
e
s
s
e
s
.
 

T
h
e
r
e
f
o
r
e
,
 

i
t
 

f
o
l
l
o
w
s
 

t
h
a
t
 

t
h
e
 

d
i
s
t
r
i
b
u
t
i
o
n
 
of

 
p
o
l
l
e
n
 
in
 
m
a
r
i
n
e
 
s
e
d
i
m
e
n
t
s
 
wi

ll
 
no

t 
be

 
as
 

l
i
t
h
o
l
o
g
i
c
a
l
l
y
 

c
o
n
s
t
r
a
i
n
e
d
 

as
 

t
h
e
 
m
a
r
i
n
e
 

f
a
u
n
a
l
 

e
l
e
m
e
n
t
.

A
 
m
o
r
e
 

d
e
t
a
i
l
e
d
 

i
n
s
p
e
c
t
i
o
n
 

o
f
 

t
h
e
 

c
l
u
s
t
e
r
 

d
i
a
g
r
a
m
 

an
d 

th
e 

Q-
mo
de
 

cl
us

te
r 

gr
ou
ps
 

on
 

Ta
bl

e 
2 

r
e
v
e
a
l
s
 
t
h
a
t
 

a 
m
a
j
o
r
 
d
i
s
c
o
n
t
i
n
u
i
t
y
 
e
x
i
s
t
s
 
b
e
t
w
e
e
n
 
t
h
e
 

p
o
l
l
e
n
 
a
s
s
e
m
b
l
a
g
e
s
 
of

 
th
e 

s
a
m
p
l
e
s
 

l
y
i
n
g
 

a
b
o
v
e
 

23
2 

cm
 

an
d 

b
e
l
o
w
 

24
8 

cm
 

(S
am

pl
es

 
1-

18
 

a
n
d
 

19
-3

2)
. 

As

C
H
I
-
S
Q
U
A
R
E
 C
O
R
R
E
L
A
T
I
O
N
 C
OE

FF
IC

IE
NT

5 
10

 
15
 

20

Fi
gu
re
 
9.
 

Q-
mo

de
 
cl
us
te
r 

di
ag

ra
m 

of
 
32

 
sa
mp
le
s 

in
 
co

re
 

S3
- 

15
G.

 
Th
e 

sa
mp
le
s 

we
re

 
gr
ou
pe
d 

in
to

 
fi

ve
 
as

so
ci

at
io

ns
 
(A
-E
) 

ba
se
d 

up
on
 
th
e 

co
rr

el
at

io
n 

of
 
31
 
va
ri
ab
le
s 

(T
ab

le
 
2;

 
Ap

pe
n­

 
di
x 

1)
 
me
as
ur
ed
 
in
 
th
e 

32
 
sa

mp
le

s'
 f

ro
m 

he
mi

pe
la

gi
c 

an
d 

tu
r­

 
bi
di
ti
c 

de
po
si
ts
. 

Th
e 

li
th
ol
og
y 

of
 
th
e 

sa
mp
le
s 

is
 
in
di
ca
te
d 

as
 

fo
ll

ow
s:

 
H,
 

he
mi
pe
la
gi
c 

mu
d;
 

T,
 
tu
rb
id
it
ic
 
mu
d;
 

S,
 

tu
rb
id
it
ic
 
sa

nd
; 

M,
 
mi
xe
d 

li
th
ol
og
y 

of
 
he
mi
pe
la
gi
c 

an
d 

tu
r­
 

bi
di
ti
c 

mu
ds
 
an
d/
or
 
sa

nd
.



p
r
e
v
i
o
u
s
l
y
 

s
t
a
t
e
d
,
 

t
h
i
s
 

d
e
p
t
h
 

a
l
a
o
 

r
o
u
g
h
l
y
 

c
o
r
r
e
s
p
o
n
d
s
 

t
o
 

t
h
e
 
u
p
p
e
r
 
s
h
i
f
t
 

in
 
t
h
e
 
p
e
r
c
e
n
t
a
g
e
 
o
f
 

l
e
f
t
-
 

a
n
d
 

r
i
g
h
t
-
c
o
i
l
i
n
g
 

f
o
r
m
s
 

o
f
 

t
h
e
 

p
l
a
n
k
t
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
 
N
e
o
g
l
o
b
o
q
u
a
d
r
i
n
a
 

p
a
c
h
y
d
a
r
m
a
 

(E
hr

en
be

rg
) 

, 
m
a
r
k
i
n
g
 

t
h
e
 

p
o
s
i
t
i
o
n
 

o
f
 

t
h
e
 

P
l
e
i
s
t
o
c
e
n
e
/
H
o
l
o
c
e
n
e
 

b
o
u
n
d
a
r
y
 

(
B
a
n
d
y
,
 

1
9
6
0
)
 

i
n
 

c
o
r
e
 

S
3
-
1
5
G
.
 

B
e
c
a
u
s
e
 

p
o
l
l
e
n
 

p
r
e
s
e
r
v
a
t
i
o
n
,
 

as
 
d
e
t
e
r
m
i
n
e
d
 

s
u
b
j
e
c
t
i
v
e
l
y
 
a
n
d
 

b
y
 
t
h
e
 
r
a
t
i
o
 
o
f
 
b
r
o
k
e
n
 
t
o
 
w
h
o
l
e
 
p
i
n
e
 
g
r
a
i
n
s
 

(T
ab
le
 

2;
 

F
i
g
u
r
e
 

10
; 

G
u
s
h
i
n
g
,
 

19
64

, 
19
67
; 

A
d
a
m
,
 

19
67
),
 

d
i
d
 

n
o
t
 

v
a
r
y
 

s
i
g
n
i
f
i
c
a
n
t
l
y
 

w
i
t
h
i
n
 

t
h
e
 

u
n
b
i
a
s
e
d
 

P
l
e
i
s
t
o
c
e
n
e
 

a
n
d
 

H
o
l
o
c
e
n
e
 

m
u
d
s
,
 

i
t
 

a
p
p
e
a
r
s
 

t
h
a
t
 

t
h
a
t
 

t
h
e
 

m
a
j
o
r
 

d
i
v
i
s
i
o
n
 

b
e
t
w
e
e
n
 
t
h
e
 

l
o
w
e
r
 
a
n
d
 
u
p
p
e
r
 

c
o
r
e
 

p
o
l
l
e
n
 

a
s
s
e
m
b
l
a
g
e
s
 

t
r
u
l
y
 

r
e
f
l
e
c
t
s
 

a 
r
e
g
i
o
n
a
l
 

c
h
a
n
g
e
 

i
n
 

v
e
g
e
t
a
t
i
o
n
 

f
r
o
m
 

P
l
e
i
s
t
o
c
e
n
e
 

t
o
 

H
o
l
o
c
e
n
e
 

c
l
i
m
a
t
i
c
 

c
o
n
d
i
t
i
o
n
s
 

a
n
d
 

is
 

n
o
t
 

a
n
 

a
r
t
i
f
a
c
t
 

o
f
 

t
a
p
h
o
n
o
m
i
c
 

p
r
o
c
e
s
s
e
s
.
 

A
 

d
e
t
a
i
l
e
d
 

r
e
c
o
r
d
 

o
f
 

t
h
i
s
 

v
e
g
e
t
a
t
i
o
n
a
l
 

c
h
a
n
g
e
 

is
 
e
l
u
c
i
d
a
t
e
d
 
b
y
 

a 
c
o
m
p
a
r
i
s
o
n
 

o
f
 

t
h
e
 

f
i
v
e
 

Q
-
m
o
d
e
 

c
l
u
s
t
e
r
s
 

(
F
i
g
u
r
e
 

9)
 

a
n
d
 

t
h
e
 

p
o
l
l
e
n
 

d
i
a
g
r
a
m
 

(
F
i
g
u
r
e
s
 

5-
6)
 

fo
r 

c
o
r
e
 
S
3
-
1
5
G
.

T
h
e
 
p
o
l
l
e
n
 
d
i
a
g
r
a
m
 
c
a
n
 
be
 
d
i
v
i
d
e
d
 
i
n
t
o
 
f
i
v
e
 
z
o
n
e
s
 

w
h
i
c
h
 

a
p
p
r
o
x
i
m
a
t
e
 

t
h
e
 

f
i
v
e
 

Q
-
m
o
d
e
 

c
l
u
s
t
e
r
s
;
 

t
h
e
y
 

d
i
f
f
e
r
 

o
n
l
y
 

i
n
 

t
h
e
 

p
l
a
c
e
m
e
n
t
 

o
f
 

s
o
m
e
 

o
f
 

t
h
e
 

b
i
a
s
e
d
 

t
u
r
b
i
d
i
t
i
c
 

s
a
n
d
 

s
a
m
p
l
e
s
.
 

A
 

g
e
n
e
r
a
l
i
z
e
d
 

s
u
m
m
a
r
y
 

o
f
 

t
h
e
 

a
b
u
n
d
a
n
c
e
s
 

o
f
 

t
h
e
 

f
o
u
r
 
m
a
j
o
r
 

p
o
l
l
e
n
 

t
y
p
e
s
 

(p
in

e,
 

oa
k,
 

r
e
d
w
o
o
d
 
a
n
d
 
C
o
m
p
o
s
i
t
a
e
)
 

w
i
t
h
i
n
 
t
h
e
 

f
i
v
e
 
p
o
l
l
e
n
 

z
o
n
e
s
 
is
 
p
r
e
s
e
n
t
e
d
 
in
 
T
a
b
l
e
 

3.

Z
o
n
e
 

E.
 

(
3
6
0
-
4
7
2
 

cm
) 

. 
T
h
e
 

b
a
s
a
l
 

z
o
n
e
 

is
 

m
o
s
t
 

r
e
a
d
i
l
y
 
c
h
a
r
a
c
t
e
r
i
z
e
d
 
b
y
 
it

s 
v
e
r
y
 
h
i
g
h
 
a
b
u
n
d
a
n
c
e
 

o
f
 
p
i
n
e
.
 

T
h
e
 
p
o
l
l
e
n
 
m
a
y
 
h
a
v
e
 
b
e
e
n
 
p
r
o
d
u
c
e
d
 
b
y
 
s
e
v
e
r
a
l
 

s
p
e
c
i
e
s
 
o
f
 
c
l
o
s
e
d
-
c
o
n
e
 
p
i
n
e
s
 

(
M
o
n
t
e
r
e
y
,
 

B
i
s
h
o
p
 

a
n
d
 

k
n
o
b
c
o
n
e
)
 

t
h
a
t
 

a
r
e
 
l
o
c
a
l
l
y
 
c
o
m
m
o
n
 
a
l
o
n
g
 
t
h
e
 
c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
 

c
o
a
s
t
 

t
o
d
a
y
 

(
F
i
g
u
r
e
 

3)
 .

 
A
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 

t
h
i
s
 

p
o
l
l
e
n
 

a
r
e
 
m
o
d
e
r
a
t
e
 

a
m
o
u
n
t
s
 

o
f
 
C
o
m
p
o
s
i
t
a
e
 

a
n
d
 

A
r
t
e
m
i
a
i
a
.
 

as
 
w
e
l
l
 
as
 
r
a
r
e
 
oa
k,
 

r
e
d
w
o
o
d
 
a
n
d
 
fi

r.
 

T
h
e
 

p
o
o
r
 

p
r
e
s
e
r
v
a
t
i
o
n
a
l
 

s
t
a
t
e
 

o
f
 

t
h
e
 

f
i
r
 

p
o
l
l
e
n
 

p
r
e
c
l
u
d
e
s
 

it
 

f
r
o
m
 
b
e
i
n
g
 
i
d
e
n
t
i
f
i
e
d
 
w
i
t
h
 
a
n
y
 
t
a
x
o
n
o
m
i
c
 

p
r
e
c
i
s
i
o
n
.
 

H
o
w
e
v
e
r
,
 

S
a
n
t
a
 

L
u
c
i
a
 

f
i
r
 
p
r
e
s
e
n
t
l
y
 
g
r
o
w
s
 

s
o
u
t
h
 
o
f
 
M
o
n
t
e
r
e
y
 
B
a
y
 
in
 
t
h
e
 
S
a
n
t
a
 
L
u
c
i
a
 
M
o
u
n
t
a
i
n
s
 
a
n
d
 

g
r
a
n
d
 
fi
r 

(
A
b
i
e
s
 

qr
ra

nd
ia

 
(D
ou
gl
.)
 

L
i
n
d
l
.
)
 

i
n
h
a
b
i
t
s
 
t
h
e
 

c
o
a
s
t
a
l
 
r
e
g
i
o
n
s
 
o
f
 
C
a
l
i
f
o
r
n
i
a
 

n
o
r
t
h
 

of
 

t
h
e
 

R
u
s
s
i
a
n
 

R
i
v
e
r
 

(
F
i
g
u
r
e
 

3;
 

G
r
i
f
f
i
n
 
a
n
d
 
C
r
i
t
c
h
f
i
e
l
d
,
 

1
9
7
6
)
.

T
h
e
 
d
o
m
i
n
a
n
c
e
 
o
f
 
p
i
n
e
 
in
 
t
h
e
 
l
o
w
e
r
 
m
e
t
e
r
 

o
f
 

t
h
e
 

co
re

, 
as
 

w
e
l
l
 

as
 

t
h
e
 
p
r
e
s
e
n
c
e
 
o
f
 

f
i
r
 
a
n
d
 

A
r
t
e
m
i
a
i
a
.
 

s
u
g
g
e
s
t
s
 

t
h
a
t
 

Z
o
n
e
 

E 
r
e
p
r
e
s
e
n
t
s
 

t
h
e
 

l
a
s
t
 

f
u
l
l
 

g
l
a
c
i
a
l
 

i
n
t
e
r
v
a
l
 

(t
he
 
u
p
p
e
r
 

H
i
s
c
o
n
s
i
n
a
n
 

in
 
t
h
e
 

m
i
d
-
c
o
n
t
i
n
e
n
t
;
 

A
d
a
m
,
 

19
67

; 
A
d
a
m
 
a
n
d
 

o
t
h
e
r
s
,
 

1
9
8
1
)
.
 

H
o
w
e
v
e
r
,
 

t
h
e
 
p
r
e
s
e
n
c
e
 

o
f
 
at
 
l
e
a
s
t
 
s
o
m
e
 
r
e
d
w
o
o
d
 
p
o
l
l
e
n
 

i
n
 
Z
o
n
e
 
E 

i
m
p
l
i
e
s
 
t
h
a
t
 
t
h
e
 
c
l
i
m
a
t
e
 
d
u
r
i
n
g
 
t
h
i
s
 
p
e
r
i
o
d
 

w
a
s
 

n
o
t
 

s
o
 

s
e
v
e
r
e
 

a
s
 

t
o
 
e
r
a
d
i
c
a
t
e
 

r
e
d
w
o
o
d
 
f
r
o
m
 
t
h
e
 

S
a
n
t
a
 

C
r
u
z
 
M
o
u
n
t
a
i
n
s
 

a
n
d
 

s
u
r
r
o
u
n
d
i
n
g
 

r
e
g
i
o
n
s
.
 

T
h
e
 

m
o
d
e
r
a
t
e
 

a
b
u
n
d
a
n
c
e
s
 

o
f
 

C
o
m
p
o
s
i
t
a
e
 

a
l
s
o
 

s
u
g
g
e
s
t
 

t
h
a
t

P
E

R
C

E
N

T
 P

IN
U

S

o
V

 >

LU <r
 

O
 

O Q
. 

LU
 

Q

10
0 

-

2
0
0
 
-

3
0

0
 
-

4
0

0
 -

5
0

0

25 I
5
0

75
 

I
10

0%

h
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>
>

-r
1 

B
R

O
K

E
N

 G
R

A
IN

S
 

W
H

O
LE

 G
R

A
IN

S

F
ig

u
re

 
1

0
. 

B
re

ak
ag

e 
of

 
P

in
u
s 

p
o

ll
e
n

 
p

lo
tt

e
d

 
w

it
h
 

co
re

 
S

3-
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G
.

d
ep

th
 

in
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Table 3. The relative abundance of the four major pollen types (pine, oak, redwood 
and high-spine Compositae) within the five pollen zones (A-E) of core S3-15G. The 
relative abundance notation corresponds to the following percentages: rare, 0-5%; 
few, 5-10%; common, 10-20%; abundant, 20-30%; very abundant, >30%.
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t
 

w
a
s
 

s
a
m
p
l
e
d
 

a
t
 

t
h
i
s
 

l
e
v
e
l
,
 

a
n
d
 

t
u
r
b
i
d
i
t
i
c
 

s
a
n
d
s
 

i
n
 

c
o
r
e
 
3
3
-
1
5
G
 
h
a
v
e
 
b
e
e
n
 
s
h
o
w
n
 
t
o
 
h
a
v
e
 
b
i
a
s
e
d
 

p
o
l
l
e
n
 

a
s
s
e
m
b
l
a
g
e
s
.

M
a
r
i
n
e
 

a
n
d
 
t
e
r
r
e
s
t
r
i
a
l
 

r
e
s
p
o
n
s
e
s
 

t
o
 
c
h
a
n
g
i
n
g
 

c
l
i
m
a
t
i
c
 

c
o
n
d
i
t
i
o
n
s
 

a
t
 

t
h
e
 

P
l
e
i
s
t
o
c
e
n
e
/
H
o
l
o
c
e
n
e
 

b
o
u
n
d
a
r
y
 

a
l
s
o
 
a
r
e
 

n
o
t
 

c
o
n
c
u
r
r
e
n
t
.
 

T
h
e
 
u
p
p
e
r
 

s
h
i
f
t
 

f
r
o
m
 

l
e
f
t
-
 

t
o
 

r
i
g
h
t
-
c
o
i
l
i
n
g
 

H
e
o
g
l
o
b
o
q
u
a
d
r
i
n
a
 

p
a
c
h
y
d
e
r
m
s
.
 

d
e
f
i
n
e
d
 

a
s
 

t
h
e
 

P
l
e
i
s
t
o
c
e
n
e
/
H
o
l
o
c
e
n
e
 

b
o
u
n
d
a
r
y
,
 

o
c
c
u
r
s
 

a
t
 

a
p
p
r
o
x
i
m
a
t
e
l
y
 

2
2
5
 

c
m
 

(
t
h
e
 

m
i
d
­
 

p
o
i
n
t
 

o
f
 

t
h
e
 

i
n
t
e
r
v
a
l
 

i
n
 

w
h
i
c
h
 

t
h
e
 

s
h
i
f
t
 

oc
cu

rs
-)

-.
 

B
o
t
h
 

t
h
e
 

b
e
n
t
h
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
a
l
 

a
n
d
 

p
o
l
l
e
n
 

a
s
s
e
m
b
l
a
g
e
s
,
 

h
o
w
e
v
e
r
,
 

c
h
a
n
g
e
 

t
h
e
i
r
 

c
h
a
r
a
c
t
e
r
 

b
e
f
o
r
e
 

(a
t 

2
6
0
 

a
n
d
 

2
4
0
 

cm
, 

r
e
s
p
e
c
t
i
v
e
l
y
)
 

t
h
e
 
p
l
a
n
k
t
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
a
l
 

s
h
i
f
t
.
 

T
h
e
s
e
 

d
a
t
a
 

s
u
g
g
e
s
t
 

t
h
a
t
 

t
h
e
 

t
e
r
r
e
s
t
r
i
a
l
 

a
n
d
 

d
e
e
p
-
w
a
t
e
r
 
m
a
s
s
e
s
 
a
r
e
 
r
e
s
p
o
n
d
i
n
g
 
t
o
 

t
h
e
 

c
l
i
m
a
t
i
c
 

c
h
a
n
g
e
 

b
e
f
o
r
e
 

t
h
e
 

s
h
a
l
l
o
w
e
r
 

o
c
e
a
n
i
c
 

r
e
a
l
m
.

P
o
l
l
e
n
 
Z
o
n
e
 
C
 

(
1
7
0
-
2
4
0
 

cm
) 

i
s
 
c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 

w
a
r
m
e
r
 

a
n
d
 
w
e
t
t
e
r
 

c
o
n
d
i
t
i
o
n
s
,
 

a
s
 

i
n
d
i
c
a
t
e
d
 
b
y
 

i
t
s
 

p
e
a
k
 
i
n
 
P
e
d
i
a
a
t
r
u
m
 
a
n
d
 
i
n
c
r
e
a
s
e
d
 
a
b
u
n
d
a
n
c
e
 
o
f
 
o
a
k
 
a
n
d
 

r
e
d
w
o
o
d
 
p
o
l
l
e
n
.
 

T
h
e
 
p
e
a
k
 

i
n
 

a
b
u
n
d
a
n
c
e
 

o
f
 
r
i
g
h
t
-
 

c
o
i
l
i
n
g
 
N
e
o
y
l
o
b
o
q
u
a
d
r
i
n
a
 
p
a
e
h
y
d
e
r
m
a
 

t
h
r
o
u
g
o
u
t
 

t
h
e
 

i
n
t
e
r
v
a
l
,
 

a
n
d
 
h
i
g
h
 
d
i
s
s
o
l
u
t
i
o
n
 
i
n
d
i
c
e
s
 
a
t
 
l
e
a
s
t
 
a
t
 
t
h
e
 

b
e
g
i
n
n
i
n
g
,
 

s
i
m
i
l
a
r
l
y
 

s
i
g
n
i
f
i
e
s
 

w
a
r
m
e
r
 

o
c
e
a
n
o
g
r
a
p
h
i
c
 

c
o
n
d
i
t
i
o
n
s
 .

A
 
d
i
s
c
r
e
p
a
n
c
y
 
e
x
i
s
t
s
 

b
e
t
w
e
e
n
 

t
h
e
 

t
e
r
r
e
s
t
r
i
a
l
 

a
n
d
 

m
a
r
i
n
e
 
p
a
l
e
o
c
l
i
m
a
t
i
c
 

r
e
c
o
r
d
s
 
f
r
o
m
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 

1
2
5
 
t
o
 

1
7
0
 

cm
, 

h
o
w
e
v
e
r
.
 

P
o
l
l
e
n
 
Z
o
n
e
 

B,
 

c
h
a
r
a
c
t
e
r
i
z
e
d
 

b
y
 
t
h
e
 
e
l
i
m
i
n
a
t
i
o
n
 

o
f
 
P
e
d
i
a
a
t
r
u
m
 
a
n
d
 
a
 

s
u
b
s
t
a
n
t
i
a
l
 

i
n
c
r
e
a
s
e
 
i
n
 
C
o
m
p
o
s
i
t
a
e
,
 

i
s
 
i
n
d
i
c
a
t
i
v
e
 
o
f
 
a
 
w
a
r
m
e
r
 
a
n
d
 

d
r
i
e
r
 

t
e
r
r
e
s
t
r
i
a
l
 

c
l
i
m
a
t
e
.
 

Y
e
t
,
 

t
h
e
 

d
a
t
a
 

s
u
g
g
e
s
t
s
 

t
h
a
t
 

t
h
e
 
m
a
r
i
n
e
 

r
e
a
l
m
 
i
s
 
c
o
o
l
i
n
g
:
 
t
h
e
 
a
b
u
n
d
a
n
c
e
 
o
f
 

l
e
f
t
-
c
o
i
l
i
n
g
 
N
e
o
g
l
o
b
o
q
u
a
d
r
i
n
a
 
p
a
e
h
y
d
e
r
m
a
 

i
s
 
i
n
c
r
e
a
s
i
n
g
 

a
n
d
 
c
a
l
c
i
u
m
 
c
a
r
b
o
n
a
t
e
 

d
i
s
s
o
l
u
t
i
o
n
 

i
s
 
o
n
 
t
h
e
 
d
e
c
l
i
n
e
.
 

I
t
 

r
e
m
a
i
n
s
 
u
n
c
l
e
a
r
 
w
h
y
 
t
h
e
 
l
a
t
t
e
r
 
s
h
o
u
l
d
 
r
e
s
p
o
n
d
 
i
n
 

t
h
i
s
 
m
a
n
n
e
r
.

P
o
l
l
e
n
 
Z
o
n
e
 
A
 

(
0
-
1
2
5
 

cm
) 

i
s
 
c
h
a
r
a
c
t
e
r
i
z
e
d
 
b
y
 
a 

p
o
l
l
e
n
 

a
s
s
e
m
b
l
a
g
e
 

r
e
f
l
e
c
t
i
n
g
 

t
h
e
 

v
e
g
e
t
a
t
i
o
n
a
l
 

a
d
a
p
t
a
t
i
o
n
 

t
o
 

t
h
e
 

w
a
r
m
 

i
n
t
e
r
g
l
a
c
i
a
l
 

c
l
i
m
a
t
i
c
 

c
o
n
d
i
t
i
o
n
s
 
o
f
 
t
h
e
 
H
o
l
o
c
e
n
e
:
 

h
i
g
h
 

a
b
u
n
d
a
n
c
e
s
 

o
f
 
oa
k,
 

r
e
d
w
o
o
d
 
a
n
d
 
C
o
m
p
o
s
i
t
a
e
,
 

a
n
d
 
d
e
c
r
e
a
s
i
n
g
 
f
r
e
q
u
e
n
c
i
e
s
 

o
f
 

p
i
n
e
.
 

T
h
e
 

f
a
u
n
a
l
 

a
s
s
e
m
b
l
a
g
e
 

s
i
m
i
l
a
r
l
y
 

r
e
f
l
e
c
t
s
 

t
h
e
 

w
a
r
m
 
c
l
i
m
a
t
i
c
 
c
o
n
d
i
t
i
o
n
s
;
 

c
a
r
b
o
n
a
t
e
 
d
i
s
s
o
l
u
t
i
o
n
 
i
s
 
s
o
 

s
e
v
e
r
e
 

i
n
 
t
h
e
 
u
p
p
e
r
 

1
2
0
 

c
m
 
o
f
 
c
o
r
e
 
S
3
-
1
5
G
 
t
h
a
t
 
t
h
e
 

c
o
i
l
i
n
g
 

r
a
t
i
o
 

o
f
 

l
e
f
t
-
 

a
n
d
 

r
i
g
h
t
-
c
o
i
l
i
n
g
 

H
e
o
q
r
l
o
b
o
q
u
a
d
r
i
n
a
 
p
a
e
h
y
d
e
r
m
a
 

c
o
u
l
d
 
n
o
t
 

b
e
 
d
i
s
c
e
r
n
e
d
 

w
i
t
h
i
n
 
t
h
i
s
 

i
n
t
e
r
v
a
l
.

C
o
n
e
l
u
s
i
o
n
a

1 
. 
A
n
a
l
y
s
i
s
 

o
f
 

a 
g
r
a
v
i
t
y
 

c
o
r
e
 

o
b
t
a
i
n
e
d
 

f
r
o
m
 

t
h
e
 

w
e
s
t
e
r
n
 

l
e
v
e
e
 

o
f
 
N
o
n
t
e
r
e
y
 

r
a
n
,
 

c
o
m
p
o
s
e
d
 

o
f
 

h
e
m
i
p
e
l
a
g
i
c
 

a
n
d
 
o
v
e
r
b
a
n
k
 

t
u
r
b
i
d
i
t
i
c
 

d
e
p
o
s
i
t
s
,
 

h
a
s
 

y
i
e
l
d
e
d
 
a
 
r
e
c
o
r
d
 
o
f
 
v
e
g
e
t
a
t
i
o
n
a
l
 
c
h
a
n
g
e
 
i
n
 

c
o
a
s
t
a
l
 

c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
 

d
u
r
i
n
g
 

t
h
e
 

l
a
t
e
s
t
 

Q
u
a
t
e
r
n
a
r
y
.

2 
. 
A
 
c
l
u
s
t
e
r
 
a
n
a
l
y
s
i
s
 
d
i
v
i
d
e
d
 
t
h
e
 
p
o
l
l
e
n
 
s
a
m
p
l
e
s
 
i
n
t
o
 

f
i
v
e
 

g
r
o
u
p
s
 

b
a
s
e
d
 

p
r
i
m
a
r
i
l
y
 

u
p
o
n
 

v
a
r
y
i
n
g
 

f
r
e
q
u
e
n
c
i
e
s
 
o
f
 
t
h
e
 
f
o
u
r
 
m
a
j
o
r
 
p
o
l
l
e
n
 
t
y
p
e
s
:
 

p
i
n
e
,
 

r
e
d
w
o
o
d
,
 

o
a
k
 

a
n
d
 

C
o
m
p
o
s
i
t
a
e
.
 

I
n
 

t
u
r
n
,
 

t
h
e
s
e
 

g
r
o
u
p
s
 

w
e
r
e
 
u
s
e
d
 

t
o
 
d
e
f
i
n
e
 

f
i
v
e
 
p
o
l
l
e
n
 

c
o
n
e
s
.
 

T
h
e
 
l
o
w
e
r
m
o
s
t
 
p
o
l
l
e
n
 
c
o
n
e
 
r
e
f
l
e
c
t
s
 
t
h
e
 
v
e
g
e
t
a
t
i
o
n
a
l
 

r
e
s
p
o
n
s
e
 

t
o
 
t
h
e
 

c
l
i
m
a
t
i
c
 

r
e
g
i
m
e
 

o
f
 

t
h
e
 

l
a
s
t
 

f
u
l
l
 

g
l
a
c
i
a
l
 

i
n
t
e
r
v
a
l
 

a
n
d
 

i
s
 

f
o
l
l
o
w
e
d
 
b
y
 

a
 

l
a
t
e
 

P
l
e
i
s
t
o
c
e
n
e
 

t
r
a
n
s
i
t
i
o
n
a
l
 

a
s
s
e
m
b
l
a
g
e
.
 

T
h
e
 

t
h
r
e
e
 

u
p
p
e
r
m
o
s
t
 

p
o
l
l
e
n
 

z
o
n
e
s
 

r
e
f
l
e
c
t
 

c
h
a
n
g
e
s
 

i
n
 

v
e
g
e
t
a
t
i
o
n
 
d
u
r
i
n
g
 
t
h
e
 
R
o
l
o
c
e
n
e
.

3 
. 
H
i
g
h
 
v
a
l
u
e
s
 
o
f
 
P
e
d
i
a
a
t
r
u
m
 

a
n
d
 

d
i
n
o
f
l
a
g
e
l
l
a
t
e
s
 

a
t
 

t
h
e
 

t
e
r
m
i
n
a
t
i
o
n
 

o
f
 

t
h
e
 

l
a
s
t
 
g
l
a
c
i
a
l
 
i
n
t
e
r
v
a
l
 

a
r
e
 

a
s
s
u
m
e
d
 

t
o
 

r
e
f
l
e
c
t
 

i
m
p
r
o
v
i
n
g
 

c
l
i
m
a
t
i
c
 

c
o
n
d
i
t
i
o
n
s
 
a
n
d
 
a
n
 
i
n
c
r
e
a
s
e
 
i
n
 
n
u
t
r
i
e
n
t
-
r
i
c
h
 
f
l
u
v
i
a
l
 

r
u
n
o
f
f
.
 

;
4 

. 
A
n
 

a
b
r
u
p
t
 

c
h
a
n
g
e
 

i
n
 

t
h
e
 

p
o
l
l
e
n
 

f
r
e
q
u
e
n
c
i
e
s
 

o
c
c
u
r
s
 

s
l
i
g
h
t
l
y
 

b
e
f
o
r
e
 

t
h
e
 

P
l
e
i
s
t
o
c
e
n
e
/
H
o
l
o
c
e
n
e
 

b
o
u
n
d
a
r
y
.

5 
. 
P
o
l
l
e
n
 
a
b
u
n
d
a
n
c
e
 

i
s
 
l
o
w
e
s
t
 
i
n
 
t
h
e
 
t
u
r
b
i
d
i
t
i
c
 

s
a
n
d
 

a
n
d
 

P
l
e
i
s
t
o
c
e
n
e
 

m
u
d
 

d
e
p
o
s
i
t
s
.
 

R
e
l
a
t
i
v
e
l
y
 

f
e
w
e
r
 

p
o
l
l
e
n
 
g
r
a
i
n
s
 
i
n
 

t
h
e
 

s
a
n
d
s
 

r
e
f
l
e
c
t
 

t
h
e
 

e
f
f
e
c
t
s
 

o
f
 

s
o
r
t
i
n
g
,
 

w
h
e
r
e
a
s
 

l
o
w
 
p
o
l
l
e
n
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

i
n
 

t
h
e
 

P
l
e
i
s
t
o
c
e
n
e
 

m
u
d
s
 

r
e
s
u
l
t
 

f
r
o
m
 

i
n
c
r
e
a
s
e
d
 

i
n
o
r
g
a
n
i
c
 
t
e
r
r
i
g
e
n
o
u
s
 
i
n
p
u
t
 
t
o
 
t
h
e
 
c
o
r
e
 
s
i
t
e
 
d
u
e
 
t
o
 

s
e
d
i
m
e
n
t
s
 
b
y
p
a
s
s
i
n
g
 
t
h
e
 
s
h
e
l
f
 
d
u
r
i
n
g
 
l
o
w
 
s
t
a
n
d
s
 

i
n
 

s
e
a
 

l
e
v
e
l
.

6 
. 
W
i
t
h
i
n
 

t
h
e
 

r
e
s
o
l
u
t
i
o
n
 

o
f
 

t
h
e
 

s
a
m
p
l
i
n
g
 

i
n
t
e
r
v
a
l
 

e
m
p
l
o
y
e
d
 
i
n
 
t
h
i
s
 
s
t
u
d
y
,
 

a
n
d
 
c
o
n
s
i
d
e
r
i
n
g
 
t
h
e
 
e
f
f
e
c
t
s
 

o
f
 

b
i
o
t
u
r
b
a
t
i
o
n
,
 

t
h
e
 

t
e
r
r
e
s
t
r
i
a
l
 

a
n
d
 

m
a
r
i
n
e
 

r
e
s
p
o
n
s
e
s
 

t
o
 

c
h
a
n
g
i
n
g
 

c
l
i
m
a
t
i
c
 

c
o
n
d
i
t
i
o
n
s
 

i
n
 

t
h
e
 

c
o
a
s
t
a
l
 

c
e
n
t
r
a
l
 

C
a
l
i
f
o
r
n
i
a
 

r
e
g
i
o
n
 

w
e
r
e
 

n
o
t
 

s
y
n
c
h
r
o
n
o
u
s
 

d
u
r
i
n
g
 

t
h
*
 

l
a
t
e
s
t
 

Q
u
a
t
e
r
n
a
r
y
.
 

A
d
d
i
t
i
o
n
a
l
l
y
,
 

t
h
e
 

c
l
i
m
a
t
i
c
a
l
l
y
-
i
n
d
u
c
e
d
 

f
l
o
r
a
l
 

a
n
d
 

f
a
u
n
a
l
 

c
h
a
n
g
e
s
 

i
n
f
e
r
r
r
e
d
 
f
r
o
m
 

c
o
r
e
 

S
3
-
1
5
G
 

a
p
p
e
a
r
 

c
o
n
s
i
s
t
e
n
t
 
w
i
t
h
 
t
h
o
s
e
 
d
i
s
c
e
r
n
e
d
 
b
y
 
o
t
h
e
r
 
s
t
u
d
i
e
s
 
o
f
 

t
h
e
 

r
e
g
i
o
n
.



A
da

m
, 

D
. 

P 
p
a
ly

n
o
lo

g
y
 

C
a
li

fo
rn

ia
, 

J
r
.,

 
e
d
s
.,
 

C
o
n
n
e
c
ti

c
u
t,

R
e
fe

re
n
c
e
s
 

C
if

c
a
d

1
9

6
7

, 
L

a
te

-P
le

ia
to

c
e
n

e
 

a
n

d
 

re
c
a
n
t 

in
 

th
e
 

c
e
n
tr

a
l 

S
ie

rr
a
 

N
e
v

a
d

a
, 

in
. 

G
u

sh
in

g
, 

E
. 

J
. 

a
n
d
 

H
ri

g
h

t,
 

R
. 

X
.,

 
Q

u
a
te

rn
a
ry

 
P

a
le

o
e
c
o
lo

g
y
: 

N
ew

 
R

a
v

e
n

, 
Y

a
le

 
U

n
iv

e
rs

it
y

 
P

re
s
s
, 

p
. 

2
7
5
-3

0
1
.

_
_
_
_
_
, 

1
9
7
4
, 

P
a
ly

n
o

lo
g

ic
a
l 

a
p
p
li

c
a
ti

o
n
s
 

o
f 
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bi

te
d 

wa
te
rs
 

fr
om

 
18
3 

me
te

rs
 
to
 
th
e 

st
ud

y'
s 

de
pt
h 

li
mi
t 

of
 
23
8 

me
te

rs
, 

bu
t 

wa
s

fo
un

d 
in
 
lo
we
r 

fr
eq
ue
nc
ie
s 

in
 
th
e 

sh
al
lo
we
r 

wa
te

rs
 

(L
an

k-
 

fo
rd

, 
19

62
).

Bo
li
vi
na
 
pa
ci
 f

 i
ca
 
ha

s 
be
en
 
co

ll
ec

te
d 

fr
om

 
se

di
me

nt
s 

on
 

a 
tr
an
se
ct
 
o
i
l
S
a
n
 

Fr
an

ci
sc

o 
Ba
y 

in
 
12
2 

to
 
21
3 

me
te

rs
 
of

 
wa

te
r 

as
 
we

ll
 
(B
an
dy
, 

19
53
a)
. 

Th
e 

su
rr

ou
nd

in
g 

hy
dr
ol
og
ic
 

en
vi

ro
nm

en
t 

wa
s 

ch
ar
ac
te
ri
ze
d 

by
 
a 

te
mp

er
at

ur
e 

ra
ng

e 
of

 
7.

4 
to
 
13

.0
*C

, 
sa
li
ni
ty
 
of
 
33

.2
 
to

 
34

.0
°/

oo
 
an
d 

a 
di
ss
ol
ve
d 

ox
y­

 
ge
n 

co
nt
en
t 

of
 
1.
4 

to
 
5.

4 
ml

/1
.

Nu
me
ro
us
 

sp
ec

im
en

s 
of

 
Bo

li
vi

na
 

pa
ci

 f
 i
ca
 

ha
ve
 

be
en

 
ob
ta
in
ed
 

in
 

th
e 

wa
te
rs
 
o
f
f
s
o
u
t
h
e
r
n
C
a
l
i
f
o
r
n
i
a
.
 

Ha
rm

an
 

(1
96
4)
, 

st
ud
yi
ng
 

re
ce

nt
 

be
nt
hi
c 

fo
ra
mi
ni
fe
rs
 

wi
th

in
 

th
e 

Sa
nt

a 
Ba
rb
ar
a 

Ba
si

n,
 
co
ns
id
er
ed
 
it
 
a 

me
mb
er
 
of
 
hi
s 

co
sm
op
ol
­ 

it
an
 
fa
un
a.
 

Th
e 

sp
ec
ie
s 

wa
s 

fo
un

d 
be
tw
ee
n 

37
2 

an
d 

58
8 

me
te
rs
 

wa
te
r 

de
pt

h,
 

co
mp
ri
si
ng
 

4%
 

of
 
bo
th
 
th
e 

sl
op

e 
an
d 

ba
si
n 

fa
un
as
. 

Dw
ar
fe
d 

fo
rm

s 
of
 
Bo
li
vi
na
 
pa

c 
i f

 i
ca
 
we
re
 
fo
un
d 

as
so
ci
at
ed
 

wi
th

 
th
e 

lo
w-

ox
yg

en
 

zo
ne

 
o
r
t
h
e
 
Sa

nt
a 

Ba
rb

ar
a 

Ba
si
n,
 

ex
hi
bi
ti
ng
 

pa
rt

ic
ul

ar
ly

 
th
in
 

an
d 

fr
ag
il
e 

te
st

s.
 

An
ot

he
r 

st
ud

y 
in

 
th

e 
Sa
nt
a 

Ba
rb

ar
a 

re
gi
on
, 

sp
ec

if
ic

al
ly

 
th
e 

Ch
an
ne
l,
 
re
co
ve
re
d 

th
is

 
sp
ec
ie
s 

in
 
th
e 

up
pe
r 

up
pe
r 

ba
th
ya
l 

de
pt
hs
 

of
 
18
3 

to
 
32
5 

me
te
rs
 
(M

ar
ks

 
an

d 
ot
he
rs
, 

19
80

).
 

Th
is

 
ma

rk
ed

 
th
e 

hi
gh

es
t 

de
pt

h 
oc

cu
rr

en
ce

 
of
 
a 

mo
de

ra
te

 
nu
mb
er
 

of
 

th
e 

sp
ec

ie
s 

in
 
th

is
 
ar

ea
.

In
 

th
e 

Lo
s 

An
ge
le
s 

re
gi

on
, 

se
ve

ra
l 

st
ud

ie
s 

ha
ve
 

re
co

rd
ed

 
Bo

li
vi

na
 

pa
ci

fi
ca

 
of
f 

th
e 

co
as

t.
 

Na
tl

an
d 

(1
93
3)
 

no
te
d 

th
e 

sp
ec
ie
s'
 
pr
es
en
ce
 
of
f 

Sa
nt
a 

Ca
ta
li
na
 

fr
om
 

90
 

to
 

28
0 

me
te

rs
 

wa
te
r 

de
pt

h,
 

wh
il

e 
Mc
Gl
as
so
n 

(1
95
9)
 
re
po
rt
ed
 

in
di
vi
du
al
s 

in
 
th

is
 
sa

me
 
ar

e 
fr
om
 
75

 
to
 

>1
83
 

me
te
rs
. 

In
 

th
is

 
la

tt
er

 
in

ve
st

ig
at

io
n^

 
th

e 
wa
te
rs
 
we
re
 
ch
ar
ac
te
ri
ze
d 

by
 

te
mp

er
at

ur
es

 
of
 
8.

0 
to
 
11
.1
*0
, 

sa
li
ni
ty
 
of

 
33
.5
 

to
 

34
.1

°/
oo

 
an

d 
ox
yg
en
 

co
nt

en
t 

of
 
1.
6 

to
 
4.
7 

ml
/1

. 
Th
e 

li
vi
ng
 
po

pu
la

­ 
ti

on
 
co

nt
ai

ne
d 

ab
un

da
nt

 
Bo
li
vi
na
 
pa

ci
f 
ic
a,
 
wi

th
 
th
e 

pe
rc

en
­ 

ta
ge

 
ab

un
da

nc
e 

in
cr

ea
si

ng
 
wi

th
 
gr
ea
te
r 

de
pt
h.
 

De
ad

 
sp
ec
i­
 

me
ns
 
of

 
th
is
 
ta
xo
n 

we
re

 
no
t 

fo
un
d 

to
 
be
 
in

di
ca

ti
ve

 
of

 
a 

pa
r­

 
ti
cu
la
r 

de
pt

h 
ra

ng
e,

 
bu
t 

we
re

 
us

ua
ll

y 
mo

re
 
ab
un
da
nt
 
on
 
th
e 

ou
te
r 

po
rt
io
ns
 
of

 
th

e 
sh

el
f.

 
In

 
a 

st
ud

y 
of
 
li
vi
ng
 
an
d 

de
ad

 
fo

ra
mi

ni
fe

rs
 

in
 

Sa
n 

Pe
dr

o 
Ba
y,
 

it
 
wa

s 
fo
un
d 

th
e 

Bo
li
vi
na
 

pa
ci
fi
ca
 
be

lo
ng

ed
 
to

 
th

e 
de
ep
es
t 

sp
ec

ie
s 

gr
ou
p 

in
ve
st
ig
at
ed
. 

T
h
i
s
g
F
o
u
p
 
as

 
a 

wh
ol

e 
co
mp
ri
se
d 

<2
% 

of
 
th

e 
to
ta
l 

as
se
mb
la
ge
 

in
sh

or
e 

of
 
10

0 
me

te
rs

, 
bu

t 
ab

ru
pt

ly
 
in

cr
ea

se
d 

to
 
10
 
to
 

>3
0%

 
of
 

th
e 

to
ta
l 

po
pu
la
ti
on
 
at
 
th

e 
sh

el
f 

ed
ge

 
ne

ar
 
10

0 
me

te
rs

 
(B

an
dy

 
an
d 

ot
he

rs
, 

19
64

).
 

Bo
li
vi
na
 
pa

ci
fi

ca
 
wa

s 
al

so
 

fo
un

d 
li
vi
ng
 

in
 

ne
ar
ly
 

al
l 

pa
rt

s 
of

 
Sa
nt
a 

Mo
ni

ca
 
Ba
y,
 
wh

er
e 

it
 

sh
ow
ed
 

li
tt
le
 

pr
ef

er
en

ce
 

fo
r 

an
y 

pa
rt

ic
ul

ar
 

su
bs
tr
at
e 

(Z
al
es
ny
, 

19
59

).
 

It
 

ra
ng

ed
 

fr
om

 
12
 
to
 
84
1 

me
te

rs
 
wa
te
r 

de
pt

h,
 
bu

t 
ex

hi
bi

te
d 

it
s 

gr
ea
te
st
 
ab

un
da

nc
e 

at
 
ap
pr
ox
im
at
el
y 

82
 

me
te
rs
. 

Th
is
 

sp
ec
ie
s 

ha
s 

al
so

 
be

en
 
re
co
rd
ed
 
al

on
g 

th
e 

so
ut
he
rn
 
Ca

li
fo

rn
ia
 
co

nt
in

en
ta

l 
bo
rd
er
la
nd
 
by
 
In

gl
e 

(1
98

0)
, 

wh
er
e 

it
 

ap
pe
ar
s 

in
di

ca
ti

ve
 
of
 
th

e 
up
pe
r 

ba
th

ya
l 

bi
of
ac
ie
s 

of
 
15
0 

to
 
50
0 

me
te

rs
.

To
 
th
e 

so
ut

h,
 
of
f 

Sa
n 

Di
eg
o,
 

Bo
li
vi
na
 

pa
ci
fi
ca
 

wa
s 

fo
un
d 

to
 
ra
ng
e 

fr
om

 
10
0 

to
 
10

25
 
me

te
rs

 
wa

te
r 

de
pt

h,
 
wi
th
 
it
s 

gr
ea
te
st
 
ab
un
da
nc
e 

in
 
th
e 

sh
al
lo
we
r 

wa
te
rs
 
of
 

th
e 

Co
ro
na
do
 

Ba
nk

 
re
gi
on
 

(B
ut
ch
er
, 

19
51

).
 

Ba
nd

y 
(1

95
3a

),
 

in
 
a 

tr
an

se
ct

 
st
ud
y 

al
so
 
of
f 

Sa
n 

Di
eg

o,
 
in
cl
ud
ed
 
th

is
 
sp

ec
ie

s 
as

 
pa

rt
 

of

Ol



O)

hi
s 

lo
we
r 

ne
ri

ti
c 

fa
un

a.
 

Th
e 

wa
te

rs
 
he

re
 
we

re
 
ch

ar
ac

te
ri

ze
d 

by
 
te

mp
er

at
ur

es
 

of
 

8.
8 

to
 

1 
3 

. 6
*C
 , 

sa
li

ni
ty

 
of
 

33
.6
 

to
 

34
.2

°/
oo

 
an
d 

ox
yg
en
 
co
nt
en
t 

of
 
1.

8 
to
 
4.
7 

ml
/1
 
at

 
a 

de
pt
h 

of
 

61
 
to

 
24
4 

me
te

rs
. 

Th
is

 
sp

ec
ie

s 
wa
s 

al
so
 

re
co

rd
ed

 
as
 

bo
th

 
li
vi
ng
 

an
d 

de
ad
 

fr
om

 
60
 

to
 
11

70
 
me
te
rs
 
of

f 
Sa
n 

Di
eg

o 
by
 

Uc
hi
o 

(I
96

0)
.

In
 
ad

di
ti

on
 
to

 
be

in
g 

pr
es

en
t 

in
 
th
e 

in
ne

r-
ne

ri
ti

c 
zo

ne
 

al
on

g 
th
e 

so
ut
he
rn
 
Ca
li
fo
rn
ia
 
co
as
t,
 
Bo
li
vi
na
 
pa
ci
 f
 i
ca
 
co

n­
 

ti
nu
es
 

at
 

th
is

 
sa
me
 

ba
th

ym
et

ri
c 

in
te
rv
al
 

al
on
g 

th
e 

no
rt

hw
es

te
rn

 
Me
xi
ca
n 

sh
or
el
in
e 

(S
li
te
r,
 
19
70
).
 

Th
e 

sp
ec
ie
s 

wa
s 

co
ll
ec
te
d 

by
 
th

e 
Al
la

n 
Ha

nc
oc

k 
Pa
ci
fi
c 

Ex
pe
di
ti
on
 

of
f 

En
se

na
da

 
de
 

Lo
s 

Mu
er

to
s 

at
 
18
 
me
te
rs
 
an
d 

in
 
ot

he
r 

ar
ea
s 

of
 

th
e 

Gu
lf
 
of

 
Ca

li
fo

rn
ia

 
fr
om
 
10

2 
to
 
22
9 

me
te
rs
 

(C
us
hm
an
 

an
d 

Mc
Cu

ll
oc

h,
 
19

42
).

 
Ba

nd
y 

(1
96

1)
 
ci
te
d 

th
e 

sp
ec
ie
s 

as
 
pa

rt
 
of

 
hi

s 
re
ce
nt
 
ou
te
r 

sh
el

f 
Gu
lf
 
of

 
Ca
li
fo
rn
ia
 
fa
un
a,
 
ra
ng
in
g 

--
in
 

de
pt
h 

fr
om

t7
3 

to
 
15

2 
me
te
rs
 
in
 
wa
te
rs
 
wi
th
 
a 

te
mp
er
at
ur
e 

of
 

10
.0

 
to
 
12

.5
C.

 
Sh

or
tl

y 
th

er
ea

ft
er

, 
Br
en
ne
r 

(1
96

2)
 

ex
te
nd
ed
 

Bo
li

vi
 n
a 

pa
ci

 f
 i
ca

's
 
kn
ow
n 

di
st
ri
bu
ti
on
 
in

 
th
e 

Gu
lf
, 

wh
er
e 

it
 

wa
s 

re
po

rt
ed

 
as
 
a 

ra
re
 
fa

un
al

 
co
ns
ti
tu
en
t 

in
 
bo

th
 
th

e 
no
rt
h­
 

er
n 

an
d 

so
ut

he
rn

 
ar

ea
s 

at
 

a 
de

pt
h 

of
 
fr

om
 
10
.2
 
to

 
73

.8
 

me
te
rs
. 

Li
vi

ng
 
sp

ec
im

en
s 

ha
ve

 
be

en
 
re
po
rt
ed
 
fr
om
 
33
 
to

 
31

64
 

me
te

rs
 
in
 
th

e 
Gu

lf
 
as

 
we

ll
 
(P
hl
eg
er
, 

19
64

),
 
wh
il
e 

Ma
to
ba
 
an
d 

Ya
ma

gu
ch

i 
(1
98
2)
 
co

mp
il

ed
 
ev
id
en
ce
 

fr
om

 
ea
rl
ie
r 

wo
rk

s 
to

 
su
gg
es
t 

th
at
 
it

s 
gr
ea
te
st
 
ab
un
da
nc
e 

oc
cu
rs
 
in
 
th
e.
 u
pp

er
 
mi
d­
 

dl
e 

ba
th
ya
l 

zo
ne

 
fr
om
 
60

0 
to
 
90
0 

me
te

rs
. 

In
 
ad

di
ti

on
, 

Wa
l-
 

to
n 

(1
95
5)

 
fo

un
d 

th
e 

ta
xo

n 
pr

es
en

t 
in
 
it
s 

hi
gh
es
t 

pe
rc
en
­ 

ta
ge
s 

be
tw

ee
n 

ap
pr

ox
im

at
el

y 
91

 
an

d 
18
3 

me
te

rs
, 

as
 

a 
me

mb
er

 
of

 
th
e 

ou
te
r 

ba
y 

fa
ci

es
 
in

 
To
do
s 

Sa
nt
os
 
Ba

y,
 
Ba

ja
 
Ca
li
fo
r­
 

ni
a.

In
 
an
 
ex

ce
ll

en
t 

re
vi

ew
 
of

 
re

ce
nt

 
Bo
li
vi
ni
da
e 

of
f 

Ce
n­
 

tr
al

 
Am

er
ic

a,
 
Sm

it
h 

(1
96

3a
, 

19
64
) 

no
te
d 

th
at

 
Bo

li
vi

na
 
pa
ci
f-
 

ic
a 

ra
ng
es
 
in

 
de

pt
h 

fr
om
 
47

 
to
 
31
00
 
me
te
rs
. 

It
 

wa
s 

fo
un
d 

ve
ry
 

ra
re

ly
 
at

 
50

 
me
te
rs
, 

ra
re

ly
 
at

 
14

4 
an
d 

17
00
 
me
te
rs
 
an
d 

ab
un

da
nt

ly
 
at

 
80
 
an

d 
82

 
me
te
rs
 
(S
mi
th
, 

19
63
a)
. 

St
ud
yi
ng
 
th
e 

sp
ec
ie
s'
 
ab

un
da

nc
e,

 
le

ng
th

 
an

d 
gr
ow
th
 
ch

ar
ac

te
ri

st
ic

s 
(e
.g
.,
 

nu
mb

er
 
of

 
ch
am
be
rs
, 

wi
dt
h,
 
fl
ar
e)
, 

sh
e 

de
te

rm
in

ed
 
th

at
, 

co
n­
 

tr
ar
y 

to
 

so
me

 
of

 
th

e 
ot
he
r 

Bo
li
vi
ni
da
e,
 
Bo
li
vi
na
 
pa

ci
fi

ca
 

sh
ow

ed
 
li

tt
le

 
mo

rp
ho

lo
gi

ca
l 

va
ri
at
io
n 

wi
th
 
de
pt
h 

of
f 

El
 
Sa

l-
 

va
do
r.
 

Sm
it

h 
(1
96
4)
 
co
nc
lu
de
d 

th
at

 
th

is
 
sp
ec
ie
s 

wa
s 

a 
do
m­
 

in
an

t 
me
mb
er
 
of

 
he

r 
Zo

ne
 
C 

fr
om

 
60
 

to
 

15
0 

me
te
rs
 

wa
te

r 
de
pt
h,
 

wh
ic
h 

is
 
th
e 

eq
ui
va
le
nt
 
of
 
Ba

nd
y 

an
d 

Ar
na
l'
s 

(1
95
7)
 

"o
ut
er
 
sh
el
f 

fa
un

a"
 
of

f 
Ce
nt
ra
l 

Am
er

ic
a.

 
Th
e 

ba
se

 
of

 
th
is
 

zo
ne
 

ap
pe

ar
s 

to
 
li
e 

ar
ou
nd
 
20
0 

to
 
25
0 

me
te
rs
 
of
f 

Ca
li

fo
rn

ia
 

(S
mi

th
, 

19
64

).
Fu

rt
he

r 
so
ut
h,
 
th
e 

Al
la

n 
Ha
nc
oc
k 

Pa
ci

fi
c 

Ex
pe

di
ti

on
 

re
co
ve
re
d 

sp
ec

im
en

s 
of

 
Bo
li
vi
na
 

pa
ci

fi
ca

 
in
 
37

 
me
te
rs
 
of
 

wa
te

r 
of

f 
th

e 
Ga

la
pa

go
s 

Is
la

nd
s 

an
d 

at
 
10
1 

me
te
rs
 
of
f 

Co
lo
m­
 

bi
a 

(C
us

hm
an

 
an

d 
Mc
Cu
ll
oc
h,
 

19
42
).
 

Sl
it

er
 

(1
97
0)
 

ha
s 

re
po
rt
ed
 
th

e 
ta
xo
n 

fr
om

 
th

e 
Ca

ri
bb

ea
n 

ar
ea
 
as
 
we

ll
.

In
 
su
mm
ar
y,
 
Bo
li
vi
na
 
pa

ci
fi

ca
 
ex
hi
bi
ts
 

a 
co

sm
op

ol
it

an
 

di
st
ri
bu
ti
on
 
a
l
o
n
g
t
h
e
 

we
st

er
n 

sh
or

es
 
of

 
No
rt
h 

an
d 

So
ut
h 

Am
er

ic
a.

 
It
s 

te
st

 
wa
ll
 
is

 
of

te
n 

ve
ry
 
fr
ag
il
e 

an
d 

ma
y 

ex
hi
­ 

bi
t 

on
ly
 

su
bt
le
 

mo
rp

ho
lo

gi
ca

l 
va

ri
at

io
ns

 
wi
th
 
in
cr
ea
si
ng
 

de
pt
h.
 

Th
ro
ug
ho
ut
 
it

s 
ex
te
ns
iv
e 

ge
og

ra
ph

ic
al

 
di

st
ri

bu
ti

on
,

Bo
li
vi
na
 

pa
c 

i f
 i
ca
 
ap
pe
ar
s 

to
 
re

ma
in

 
as
so
ci
at
ed
 
wi
th
 
sh

al
lo

w 
"o

ut
er

 
sh

el
f"

 
wa
te
rs
, 

ra
ng

in
g 

co
mm

on
ly

 
do

wn
 
to
 
ap
pr
ox
im
at
el
y 

25
0 

me
te

rs
 
wa

ce
r 

de
pt

h.

Di
 s
tr
ib
ut
 i
on

Bo
th
 

mu
d 

an
d 

sa
nd

 
in
te
rv
al
s 

yi
el
de
d 

sp
ec
im
en
s 

of
 

Bo
li

vi
na

 
pa

ci
f 
ic
a.
 

Th
e 

ta
xo

n 
co
mp
ri
se
s 

le
ss

 
th

an
 
1%
 
of

 
th
e 

fa
un
a 

in
 
fi
ve
 
mu
d 

sa
mp

le
s 

re
co

ve
re

d 
be
tw
ee
n 

th
e 

de
pt

hs
 

of
 

13
9 

an
d 

43
2.

5 
cm

 
do

wn
co

re
. 

Bo
li

vi
na

 
pa

ci
fi

ca
 
al

so
 
ac

co
un

ts
 

fo
r 

1.
7%

 
of

 
th
e 

as
se

mb
la

ge
 
in

 
th
e 

tw
o 

sa
nd

 
le
ns
es
 

fr
om
 

17
1 

to
 
17
3 

cm
 
an

d 
41
2 

to
 
41
4.
5 

cm
.

Bo
li

vi
na

 
se

mi
nu

da
 
Cu
sh
ma
n 

Pl
at

e 
I
F
]
f
i
g
u
r
e
s
 
6,
 

8

Bo
li

vi
na

 
se

mi
nu

da
 
Cu

sh
ma

n;
 

Cu
sh

ma
n,

 
19

11
, 

p.
 
34
, 

fi
g.
 

55
; 

Cu
sh

ma
n,

 
19
27
a,

 
p.
 

15
7,

 
pi

. 
3,

 
fi

g.
 
6;

 
Na
tl
an
d,
 
19
40
, 

p.
 

21
, 

pi
. 

5,
 
fi

g.
 
19
; 

Ba
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a,
 
p.

 
17
7,
 
pi
. 

23
, 

fi
g.
 
5.

B
u
c
c
e
l
l
a
 
fr

 i
gi
da
 
(C

us
hm

an
);

 
An

de
rs

on
, 

19
52

, 
p.

 
14

4-
14

5,
 

f
i
g
s
.
4
-
6
;
L
o
e
b
l
i
c
h
 

an
d 

Ta
pp
an
, 

19
53

, 
p.

 
11
5,
 
pi
. 

22
, 

fi
gs
. 

2-
3;

 
W
a
l
t
o
n
,
 

19
55

, 
p.

 
10
03
, 

pi
. 

10
3,

 
fi

gs
. 

3-
4;
 

Ba
rk
er
, 

19
60
, 

p.
 
21
6,
 
pi

. 
10
5,
 
fi
gs
. 

8-
9;
 

In
gl

e,
 
19
73
, 

p.
 

54
5,

 
54
9,
 
56

0,
 
56

2;
 
Sl
oa
n,
 
19
81
, 

p.
 
25
7-
25
9,
 
pi

. 
1,
 
fi

g.
 

2;
 

T
o
d
d
 

a
n
d
 
Lo

w,
 
19
81
, 

p.
 
41

, 
43

, 
fi

g.
 
12

7;
 
M
a
t
o
b
a
 
a
n
d
 
Y
a
m
a
g
u
-
 

ch
i,

 
19

82
, 

p.
 
10
40
.

L
o
e
b
l
i
c
h
 
& 

T
a
p
p
a
n
,
 
19
53
, 

R,
 
A
r
c
t
i
c
 
fo
ra
ms
.

Th
e 

l
e
c
t
o
t
y
p
e
 
of
 
th

is
 
s
p
e
c
i
e
s
 
wa

s 
o
b
t
a
i
n
e
d
 
fr
om
 
a 

d
e
p
t
h
 

of
 

18
.3
 

m
e
t
e
r
s
 
in
 
th
e 

s
o
u
t
h
 
en

d 
of
 
Bl

ac
k 

W
h
a
l
e
 
Ha

rb
or

 
in

 
th
e 

C
a
n
a
d
i
a
n
 
A
r
c
t
i
c
.
 

S
p
e
c
i
m
e
n
s
 
w
e
r
e
 
a
l
s
o
 

c
o
l
l
e
c
t
e
d
 

of
f 

P
o
i
n
t
 

Ba
rr
ow
, 

A
l
a
s
k
a
 
be
tw
ee
n 

th
e 

d
e
p
t
h
s
 
of
 
21

 
an
d 

13
6 

m
e
t
e
r
s
 
an

d 
at
 
an
 
u
n
r
e
c
o
r
d
e
d
 
d
e
p
t
h
 
in
 
th

e 
Po
x 

Ch
an
­ 

ne
l.
 

In
 
F
r
o
b
i
s
h
e
r
 
Ba
y,
 
th
e 

ta
xo
n 

wa
s 

r
e
c
o
r
d
e
d
 
f
r
o
m
 
55

 
to
 
10
1 

m
e
t
e
r
s
,
 
w
h
i
l
e
 
of

f 
A
k
p
a
t
o
k
 
I
s
l
a
n
d
 
in
 
U
n
g
a
v
a
 

Ba
y,

 
it
 

wa
s 

o
b
t
a
i
n
e
d
 
b
e
t
w
e
e
n
 
48

 
an
d 

73
 
m
e
t
e
r
s
.
 

Of
f 

G
r
e
e
n
­
 

la
nd

, 
th

e 
s
p
e
c
i
e
s
 
wa
s 

fo
un

d 
at

 
a 

d
e
p
t
h
 
of

 
13

 
m
e
t
e
r
s
 
an
d 

b
e
t
w
e
e
n
 
th

e 
d
e
p
t
h
s
 
of

 
24

 
an
d 

46
 
me
te
rs
.

La
go
e,
 
19

77
, 

R,
 
c
e
n
t
r
a
l
 
A
r
c
t
i
c
 
Oc
ea
n.

Th
e 

s
p
e
c
i
e
s
 
wa
s 

fo
un

d 
b
e
t
w
e
e
n
 
th

e 
d
e
p
t
h
s
 

of
 

1
0
6
9
 

an
d 

35
76
 

m
e
t
e
r
s
,
 

c
o
m
p
r
i
s
i
n
g
 
le
ss
 
th
an
 
1%

 
of
 
th
e 

b
e
n
t
h
o
n
i
c
 

f
o
r
a
m
i
n
i
f
e
r
a
l
 
a
s
s
e
m
b
l
a
g
e
s
 
at
 
th

e 
d
e
p
t
h
s
 
of
 
th
e 

t
w
o
 

en
d 

m
e
m
b
e
r
s
.
 

B
u
c
c
e
l
l
a
 
fr

ig
id

a^
 
c
o
n
s
t
i
t
u
t
e
d
 
a 
m
a
x
i
m
u
m
 
of

 
1%

of
 
17

53
 
m
e
t
e
r
s
.

of
 
th
e 

fa
un

a 
at
 
th

e 
de

pt
l 

La
go
e,
 
19
79
a,
 
R,
 
de
ep
, 

A
r
c
t
i
c
 
Oc
ea
n.
 

B
u
c
c
e
l
l
a
 

fr
iq
id
a,
 

as
 

we
ll
 

as
E
l
p
h
i
d
i
u
m
 

c
l
a
v
a
t
u
m
-

Sl
pn

 
T
h
e

b
i
o
f
a
c
i
e
s
,
 
d
e
f
i
n
e
d
 
by
 
L
a
g
o
e
 
to

 
oc
cu
r 

b
e
t
w
e
e
n
 
th
e 

d
e
p
t
h
s
 

of
 
17

 
a
n
d
 
35

0 
m
e
t
e
r
s
.
 

B
e
c
a
u
s
e
 
of
 
it

s 
s
p
a
r
s
e
 
o
c
c
u
r
r
e
n
c
e
 

th
er
e,
 
L
a
g
o
e
 
s
u
g
g
e
s
t
e
d
 
th
at
 

B
u
c
c
e
l
l
a
 

fr
ig
id
a 

".
..
ma
y

no
t 

be
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
 
of
 
th

at
 
b
i
o
f
a
c
i
e
s
.

La
go

e,
 
19

79
b,

 
R,
 
sh

al
lo

w,
 
P
r
u
d
h
o
e
 
Ba
y,
 
Al
as
ka
.

In
 
th
e 

s
h
a
l
l
o
w
 

w
a
t
e
r
s
 

of
 

P
r
u
d
h
o
e
 

Ba
y,
 

b
e
t
w
e
e
n
 

th
e 

d
e
p
t
h
s
 

of
 

1 
an

d 
6 

me
te
rs
, 

L
a
g
o
e
 

fo
un

d 
a 

fa
un

a 
"
.
.
.
o
v
e
r
w
h
e
l
m
i
n
g
l
y
 

d
o
m
i
n
a
t
e
d
 

by
 

E
l
p
h
i
d
i
u
m
 

sp
p.
 

an
d 

r
e
l
a
t
e
d
 
[B

uc
ce
ll
a]
 
g
e
n
e
r
a
.
"
 
Of

f 
th

e 
19
 
s
p
e
c
i
e
s
 
wh

ic
h 

he
 

re
co

rd
ed

, 
B
u
c
c
e
l
l
a
 
fr
ig
id
a 

an
d 

E
l
p
h
i
d
i
u
m
 
c
l
a
v
a
t
u
m
 

we
re

 
th

e 
o
n
l
y
 
t
w
o
T
n
 

c
o
m
m
o
n
 
w
i
t
h
 
th

e 
M
o
n
t
e
r
e
y
 
Fa

n 
st

ud
y.

 
N
o
t
i
n
g
 
th
at
 
al

l 
of

 
th

e 
s
p
e
c
i
e
s
 

fo
un
d 

he
re
 

we
re
 

al
so
 

pr
es
en
t 

on
 

th
e 

n
e
a
r
b
y
 
sh
al
lo
w 

sh
el

f,
 
L
a
g
o
e
 
c
o
n
c
l
u
d
e
d
 

th
at

 
".
..
on
ly
 
th
e 

mo
st

 
o
p
p
o
r
t
u
n
i
s
t
i
c
 

s
p
e
c
i
e
s
 

in
 

th
e 

s
h
a
l
l
o
w
 

A
r
c
t
i
c
.
.
.
"
 

we
re
 

p
r
e
s
e
n
t
 
in

 
P
r
u
d
h
o
e
 
Ba

y.
 

Th
e 

n
o
r
m
a
l
l
y
 
d
o
m
i
n
a
n
t
 

a
r
e
n
a
c
e
o
u
s
 

fo
rm
s 

of
 

th
e 

C
a
n
a
d
i
a
n
 

Ar
ti
c 

we
re

 
fo

un
d 

to
 
be

 
e
x
t
r
e
m
e
l
y
 
ra

re
 
in

 
th
is
 
ar
ct
ic
 

re
gi
on
.

Su
sa
n 

Co
op
er
, 

19
64
, 

R,
 
Ch
uk
ch
i 

Se
a,

 
Al
as
ka
.

In
 
sa
mp
le
s 

ta
ke
n 

b
e
t
w
e
e
n
 
th
e 

d
e
p
t
h
s
 
of
 
6 

an
d 

61
 
me
te
rs
, 

th
is
 

s
p
e
c
i
e
s
 

wa
s 

on
e 

of
 
th
re
e 

d
o
m
i
n
a
n
t
 
ta
xa
 
fo
un
d 

in
 

th
e 

st
ud
y.
 
Th

e 
v
a
r
y
i
n
g
 
p
e
r
c
e
n
t
a
g
e
s
 
of
 
B
u
c
c
e
l
l
a
 

fr
iq
id
a 

wa
s 

on
e 

of
 

th
e 

p
a
r
a
m
e
t
e
r
s
 
us
ed
 
to
 
d
e
f
i
n
e
 
th

e 
as
se
m­
 

bl
ag
es
.

Sm
it
h,
 
19

63
b,

 
P
l
e
i
s
 
t 

R,
 
Gu

lf
 
of
 
Al
as
ka
.

Th
is

 
s
p
e
c
i
e
s
 
wa

s 
p
r
e
s
e
n
t
 

on
 

th
e 

sh
el
f 

b
e
t
w
e
e
n
 

th
e 

d
e
p
t
h
s
 

of
 

11
7 

an
d 

24
0 

m
e
t
e
r
s
.
 

L
i
v
i
n
g
 

s
p
e
c
i
m
e
n
s
 

c
o
m
p
r
i
s
e
d
 
1%

 
of
 
th

e 
fa
un
al
 
a
s
s
e
m
b
l
a
g
e
 
at

 
a 

d
e
p
t
h
 
of

 
11
7 

me
te
rs
. 

S
m
i
t
h
 
a
l
s
o
 
fo
un
d 

th
at
 
d
e
a
d
 
i
n
d
i
v
i
d
u
a
l
s
 
ma
de
 
up

 
<1

% 
of

 
th

e 
fa
un
a 

at
 
th
e 

d
e
p
t
h
s
 
of

 
23
0 

an
d 

24
0 

me
te
rs
, 

an
d 

c
o
m
p
r
i
s
e
d
 

a 
m
a
x
i
m
u
m
 
of
 
3.

5%
 
of
 
th
e 

a
s
s
e
m
b
l
a
g
e
 
in

 
14

6 
m
e
t
e
r
s
 
of

 
wa
te
r.

T
o
d
d
 
t 

Lo
w,

 
19
67
, 

R,
 
Gu
lf
 
of

 
A
l
a
s
k
a
 
t 

SE
 
A
l
a
s
k
a
.

T
o
d
d
 
a
n
d
 
Lo

w 
di

d 
no

t 
fi
nd
 

B
u
c
c
e
l
l
a
 

f
r
i
g
i
d
a
 

in
 

th
ei
r 

sa
mp
le
s 

fr
om
 

th
e 

P
a
m
p
l
o
n
a
S
e
a
r
i
d
g
e
 

in
 

th
e 

Gu
lf
 
of

 
Al
as
ka
, 

bu
t 

di
d 

o
b
t
a
i
n
 
th

e 
t
a
x
o
n
 
in

 
s
e
v
e
r
a
l
 

a
r
e
a
s
 

of
 

s
o
u
t
h
e
a
s
t
e
r
n
 

A
l
a
s
k
a
.
 

Th
e 

s
p
e
c
i
e
s
 
wa

s 
c
o
m
m
o
n
 
in
 
a
s
s
e
m
­
 

bl
ag
es
 
o
b
t
a
i
n
e
d
 
in
 
th

e 
C
l
a
r
e
n
c
e
 
St

ra
it

 
at
 

a 
d
e
p
t
h
 

of
 

39
3 

me
te
rs
, 

in
 

E
x
c
u
r
s
i
o
n
 
In
le
t 

at
 
45

.7
 
m
e
t
e
r
s
 
an
d 

in
 

Ly
nn

 
C
a
n
a
l
 
at
 
a 

d
e
p
t
h
 
of

 
19
 
m
e
t
e
r
s
.
 

B
u
c
c
e
l
l
a
 

fr
ig
id
a 

wa
s 

a
b
u
n
d
a
n
t
 
in
 
K
a
s
a
a
n
 
Ba

y 
b
e
t
w
e
e
n
 
th

e 
d
e
p
t
h
s
 
of

 
86
 
a
n
d
 

10
4 

m
e
t
e
r
s
 
a
n
d
 
wa
s 

ra
re

 
in
 
G
a
m
b
i
e
r
 
Ba
y 

in
 
18

 
m
e
t
e
r
s
 

of
 

wa
te
r.
 

Th
e 

a
u
t
h
o
r
s
 

n
o
t
e
d
 

th
at
 
th
is
 
"
.
.
.
s
p
e
c
i
e
s
 
wa
s 

d
e
s
c
r
i
b
e
d
 
fr
om
 
th
e 

C
a
n
a
d
i
a
n
 
A
r
c
t
i
c
 
a
n
d
 

is
 

t
y
p
i
c
a
l
 

of
 

a
r
e
a
s
 
of

 
c
o
l
d
 
w
a
t
e
r
.
"

B
e
r
g
e
n
 
& 
O'
Ne
il
, 

19
79
, 

R,
 
Gu
lf
 
of
. 
A
l
a
s
k
a
.

Th
is

 
s
p
e
c
i
e
s
 
wa
s 

fo
un

d 
a
s
s
o
c
i
a
t
e
d
 

p
r
i
m
a
r
i
l
y
 

w
i
t
h
 

th
e 

in
ne

r,
 
m
i
d
d
l
e
 
a
n
d
 
o
u
t
e
r
 
n
e
r
i
t
i
c
 
d
e
p
o
s
i
t
s
 
in
 
th
e 

Gu
lf

 
of

 
A
l
a
s
k
a
 
b
e
t
w
e
e
n
 
th

e 
d
e
p
t
h
s
 
of
 
18
 
an

d 
19
0 

m
e
t
e
r
s
 
bu

t 
wa
s 

a
l
s
o
 

r
e
c
o
v
e
r
e
d
 

in
 
b
a
t
h
y
a
l
 
d
e
p
t
h
s
 
d
o
w
n
 
to
 
2
6
2
3
 
me
te
rs
. 

B
u
c
c
e
l
l
a
 
f
r
i
q
i
d
a
 
c
o
m
p
r
i
s
e
d
 
a 
m
a
x
i
m
u
m
 
of

 
12

, 
19
, 

an
d 

31
% 

o
l
t
h
e
 
f
a
u
n
a
s
 
at
 
82

, 
11

0,
 
an

d 
51
 
m
e
t
e
r
s
,
 
r
e
s
p
e
c
t
i
v
e
l
y
.
 

It
's
 
f
r
e
q
u
e
n
c
y
 
a
b
u
n
d
a
n
c
e
 
d
e
c
r
e
a
s
e
d
 

s
i
g
n
i
f
i
c
a
n
t
l
y
 

ne
ar
 

th
e 

o
u
t
e
r
 
n
e
r
i
t
i
c
 
z
o
n
e
'
s
 
b
o
u
n
d
a
r
y
 
of

 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
19
0 

me
te
rs
, 

b
e
l
o
w
 
w
h
i
c
h
 
it
 
a
c
c
o
u
n
t
e
d
 
fo

r 
o
n
l
y
 
2%
 
or

 
le
ss
 
of
 

th
e 

fa
un
al
 

a
s
s
e
m
b
l
a
g
e
.
 

B
e
r
g
e
n
 
an

d 
O
'
N
e
i
l
 
c
o
n
s
i
d
e
r
e
d
 

th
is
 
t
a
x
o
n
 
to
 

be
 

a 
e
u
r
y
t
h
e
r
m
a
l
 

s
p
e
c
i
e
s
 

b
e
c
a
u
s
e
 

it
 

d
i
s
p
l
a
y
e
d
 
s
i
m
i
l
a
r
 
b
a
t
h
y
m
e
t
r
i
c
 
d
i
s
t
r
i
b
u
t
i
o
n
s
 
in

 
th

e 
Gu
lf



of
 
Al

as
ka

 
an

d 
of
f 

Ca
li
fo
rn
ia
. 

"E
nv
ir
on
me
nt
al
 

fa
ct
or
s 

ot
he

r 
th

an
 
wa

te
r 

te
mp
er
at
ur
e,
 
pe

rh
ap

s 
wa

te
r 

ch
em
is
tr
y,
 

tu
rb

ul
en

ce
 
or

 
fo
od
 

su
pp

ly
, 

pr
ob

ab
ly

 
co
nt
ro
l.
..
" 

it
s 

di
 s
tr
 i 
bu
t 
io
n.

Sm
it

h,
 
19

73
, 

Pl
ei
s?
 
& 

Ho
lo
ce
ne
, 

No
rt

h 
Pa
ci
fi
c 

Oc
ea

n.
Bu

cc
el

la
 

f 
r 

i q
 i 
da
 
wa
s 

ob
ta
in
ed
 
at
 
on
ly
 
on

e 
lo

ca
li

ty
 

in
 

th
is

 
sT

ud
y:

 
Tn

 
Ko
di
ak
 
Ha
rb
or
 
of

 
Ko
di
ak
 
Is

la
nd

. 
Th

e 
sp

ec
im

en
s 

we
re

 
ob
ta
in
ed
 
at

 
a 

de
pt

h 
of
 

10
 

me
te
rs
 

an
d 

co
mp
ri
se
d 

42
% 

of
 
th

e 
fa

un
al

 
as
se
mb
la
ge
.

La
go

e,
 
19

83
, 

01
ig

oc
en

e-
Pl

io
, 

Gu
lf

 
of

 
Al
as
ka
.

Mi
dd

le
 
Pl
io
ce
ne
 
de
po
si
ts
 
fr

om
 
th
e 

Ya
ka
ta
ga
 
Re
ef
 
se
ct
io
n 

in
 

th
e 

Gu
lf

 
of

 
Al
as
ka
 
ha

ve
 
yi
el
de
d 

sp
ec
im
en
s 

of
 
th
e 

ar
ct

ic
 
sp
ec
ie
s 

Bu
cc
el
la
 

fr
iq
id
a.
 

Th
is
 

sp
ec
ie
s 

wa
s 

fo
un

d 
to

 
be

co
me

 
in
it
ia
ll
y 

es
ta
bl

is
he

d 
in
 
th
e 

Ep
is
t'
bm
- 

in
el
la
 
pa
ci
 f

 i
ca
 
bi
of
ac
ie
s,
 
de
te
rm
in
ed
 
by

 
La
go
e 

to
 

Be
 

re
pr

es
en

ta
ti

ve
 

of
 

de
po
si
ti
on
 

in
 

th
e 

ou
te

r 
sh
el
f 

to
 

up
pe

r 
ba
th
ya
l 

re
gi
on
s.
 

As
so

ci
at

ed
 

sp
ec

ie
s 

in
cl

ud
e 

E
l
p
h
i
d
i
u
m
 
cl
av
at
um
 
an

d 
Me

lo
ni

s 
za

an
da

ma
e.

C
o
c
k
b
a
i
n
,
1
9
6
3
,
 
R,

 
Ju
an
 
de

 
Fu

ca
 
& 
Ge
or
gi
a 

St
s.
, 

B.
C.

Bu
cc

el
la

 
sp
p.
, 

in
cl
ud
in
g 

B.
 
fr
iq
id
a,
 
we

re
 

fo
un

d 
at

 
a 

de
pt

h 
of
 
16

 
to
 
20
6 

me
te

rs
 
an

d 
we
re
 
on

e 
of

 
th
e 

mo
st

 
co
m­
 

mo
n 

ge
ne
ra
 
in
 
th
e 

st
ud

y.
Cu
sh
ma
n 

& 
To

dd
, 

19
47
a,
 
R,

 
sh
al
lo
w 

wa
te

r,
 
co
as
t 

of
 
WA
.

Th
e 

sp
ec

ie
s 

wa
s 

on
e 

of
 

si
x 

to
 

do
mi
na
te
 

th
e 

fa
un

al
 

as
se

mb
la

ge
 

in
 

".
..

th
e 

sh
al
lo
w 

wa
te
rs
 
su
rr
ou
nd
in
g 

th
e 

is
la

nd
s 

an
d 

of
f 

th
e 

Wa
sh

in
gt

on
 
co

as
t.
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as
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.
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e 

sh
or
e­
 

li
ne

 
an

d 
ap
pr
ox
im
at
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s.
 

Un
de

r 
th
es
e 

co
nd
i­
 

ti
on

s,
 
Bu
cc
el
la
 
te
ne
rr
im
a 

wa
s 

fo
un
d 

as
so
ci
at
ed
 

wi
th

 
C
i
b
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c
i
d
e
s
l
o
b
a
t
u
l
u
s
 

ar
id

 
Bu

li
mi

ne
ll

a 
el

eq
an

ti
ss

im
a.
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e 

Ca
li

­ 
fo

rn
ia

 
an

d 
Or
eg
on
 
co

as
ts

 
as
 
we
ll
 

as
 

in
 

Pl
io
ce
ne
 

an
d



Pl
ei
st
oc
en
e 

de
po

si
ts

 
al
on
g 

th
e 

co
as

t.
 

Th
e 

ta
xo
n 

wa
s 

fo
un
d 

to
 
be
 
a 

si
gn

if
ic

an
t 

me
mb
er
 

of
 

th
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ra
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. 

& 
Gu

lf
 
of
 
CA

.
Ba
nd
y 

de
te
rm
in
ed
 
th

at
 
hi
gh
 
pe

rc
en

ta
ge

s 
of
 
Bu

cc
el

la
 
sp

p.
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ra
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is
 
sp
ec
ie
s 

to
 
be
 

ch
ar

ac
te

ri
st

ic
 

of
 

th
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ra
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Br

ad
y)

 
in

 
re
ce
nt
 
de

po
si

ts
 
ob

ta
in

ed
 
on
 
a 

tr
av
er

se
 
ap

pr
ox

im
at

el
y 

13
3 

km
 

in
 

le
ng

th
 

fr
om

 
Sa

n 
Fr
an
ci
sc
o 

Ba
y 

we
st

wa
rd

 
ac
ro
ss
 
Co
rd
el
l

Ba
nk
. 

In
 
th

is
 
st
ud
y,
 
th

e 
sp

ec
ie

s 
wa
s 

fo
un

d 
as

so
ci

at
ed

 
wi

th
 

th
e 

up
pe
r 

ab
ys

sa
l 

zo
ne
, 

ra
ng

in
g 

fr
om

 
18

29
 
to
 
21

03
 
me

te
rs

. 
Th

e 
su

rr
ou

nd
in

g^
 w
at
er
s 

we
re

 
ch
ar
ac
te
ri
ze
d 

by
 

a 
te
mp
er
at
ur
e 

of
 

1.
9 

to
 
2.
2C
, 

sa
li

ni
ty

 
of

 
34

.6
 
to
 
34
.7
°/
oo
 
an
d 

an
 
ox

yg
en

 
co
nt
en
t 

of
 
1.
6 

to
 
1.
9 

ml
/1

. 
Th

e 
ta

xo
n 

wa
s 

al
so

 
ob

ta
in

ed
 

in
 

bo
tt
om
 

sa
mp
le
s 

dr
ed

ge
d 

by
 
th
e 

U.
S.
 

Co
as
t 

an
d 

Ge
od

et
ic

 
Su
r­
 

ve
y 

sh
ip
 
Di

sc
ov

er
er

 
at

 
a 

de
pt
h 

of
 
14
94
 
an

d 
29
21
 
me

te
rs

 
ne
ar
 

Mo
nt
er
ey
 
Ba

y 
(C
us
hm
an
, 

19
27
a)
.

Fu
rt

he
r 

so
ut

h 
of

f 
Sa

nt
a 

Ba
rb

ar
a,

 
Ha
rm
an
 
(1
96
4)
 
re
po
rt
ed
 

th
at
 
th
is
 
sp
ec
ie
s 

wa
s 

a 
co

ns
ti

tu
en

t 
of
 
th
e 

fa
un

al
 
as
se
mb
la
ge
 

be
tw
ee
n 

38
9 

an
d 

57
6 

me
te

rs
 
in

 
gr

ab
 
sa
mp
le
s 

ob
ta

in
ed

 
in

 
th
e 

Sa
nt

a 
Ba
rb
ar
a 

Ba
si

n.
 

No
rm

al
ly

, 
it
 
co

mp
ri

se
d 

2 
an
d 

3%
 
of

 
th
e 

sl
op

e 
an
d 

ba
si
n 

pl
ai

n 
as

se
mb

la
ge

s,
 
re

sp
ec

ti
ve

ly
, 

bu
t 

pe
ak

ed
 

at
 

5%
 
of

 
th
e 

po
pu

la
ti

on
 
at

 
43

0,
 
50
8 

an
d 

57
6 

me
te
rs
. 

Ha
rm

an
 

al
so
 
in

ve
st

ig
at

ed
 
th
e 

be
nt
ho
ni
c 

fo
ra

mi
ni

fe
rs

 
in
 
fi

ve
 

pi
st

on
 

co
re

s 
wi
th
in
 
th

is
 
sa
me
 
re

gi
on

, 
fi

nd
in

g 
ve
ry
 
fr

ag
il

e 
fo
rm
s 

of
 

Bu
li

mi
ne

ll
a 

te
nu
at
a 

to
 
be

 
re
st
ri
ct
ed
 
to
 
th
e 

la
mi

na
te

d 
se

di
­ 

me
nt

s.
 

No
 

ex
am

pl
es

 
of

 
th
e 

sp
ec
ie
s 

we
re

 
re
co
ve
re
d 

fr
om
 
th

e 
ho
mo
ge
ne
ou
s 

co
re

 
se
di
me
nt
s.
 

Th
e 

up
pe
r 

de
pt

h 
li
mi
t 

of
 

th
e 

ta
xo

n 
wa
s 

fo
un

d 
to

 
be

 
a 

li
tt

le
 
sh

al
lo

we
r 

in
 
Qu
at
er
na
ry
 
de
po
­ 

si
ts

 
of
 
th
e 

Sa
nt
a 

Ba
rb

ar
a 

Ch
an
ne
l 

(M
ar

ks
 
an
d 

ot
he

rs
, 

19
80
).
 

As
so

ci
at

ed
 

wi
th
 
Ca

ss
id

ul
in

a 
de
li
ca
ta
, 

C.
 
tr
an
sl
uc
en
s,
 
Ep
is
- 

to
mi
ne
ll
a 

sm
it
h!
"]
 

Fu
rs
en
ko
in
a 

co
rn
ut
a~
i 

Gl
ob
ob
ul
im
in
a 

af
 f

 i
ni

 s
,

Lo
xo

st
om

um
 

ps
eu
do
be
yr
ic
hi

_ 
_
_
_
_
_
_
_
_
 
_
_
_
_
_
_
 

Su
qq

ru
nd

a 
ec
ki
si
, 

Bu
li
mi
Ti
el
la
 
te
nu
at
a 

wa
s 

co
ns
id
er
ed
 
pa

rt
 
of

 
th
e 

lo
we

r 
up

pe
r 

ba
th
ya
l 

bi
of
ac
ie
s,
 
ra
ng
in
g 

in
 
de

pt
h 

fr
om

 
32
5 

to
 
45
7 

me
te

rs
.

Th
e 

re
ce

nt
 
be
nt
ho
ni
c 

fo
ra

mi
ni

fe
rs

 
of
 

el
ev

en
 

de
ep
-s
ea
 

ba
si
ns
, 

fr
om
 

Sa
nt

a 
Ba

rb
ar

a 
to
 
Sa

n 
Di

eg
o,

 
we

re
 
in

ve
st

ig
at

ed
 

by
 
Cr

ou
ch

 
(1
95
2)
 
as

 
we
ll
. 

He
 

di
sc
ov
er
ed
 

th
at
 

Bu
li
mi
ne
ll
a 

te
nu
at
a 

wa
s 

co
mm

on
 

of
fs

ho
re

 
in

 
wa

te
rs

 
ra

ng
in

g 
be

tw
ee

n 
4.
0 

an
d 

5.
0C
. 

Th
e 

sp
ec

ie
s 

al
so
 
be
ca
me
 
a 

me
mb

er
 
of

 
th

e 
do

mi
na

nt
 

gr
ou

p 
be

tw
ee

n 
54

9 
an

d 
84

1 
me

te
rs

 
in
 
th
e 

Sa
nt
a 

Mo
ni

ca
 
Ba

y,
 

wh
er
e 

it
t 
wa

s 
as
so
ci
at
ed
 
wi
th
 
wa
te
r 

te
mp

er
at

ur
es

 
be

tw
ee

n 
4.
9 

an
d 

5.
6*

C 
an
d 

sa
li

ni
ti

es
 
fr
om
 
34
.3
8 

to
 
34

.4
2°

/o
o 

(Z
al

es
ny

, 
19

59
).

 
In

 
th

is
 
ba
y,
 
th
e 

ta
xo
n'
s 

de
ad

 
re

pr
es

en
ta

ti
ve

s 
we

re
 

re
co

ve
re

d 
in
 

wa
te

rs
 
be

tw
ee

n 
43
0 

an
d 

84
1 

me
te

rs
, 

wh
er

e 
th

ey
 

co
mp

ri
se

d 
3 
an
d 

14
% 

of
 
th
e 

as
se
mb
la
ge
, 

re
sp
ec
ti
ve
ly
. 

On
 
th
e 

ot
he
r 

ha
nd

, 
li

ve
 
sp
ec
im
en
s 

we
re
 
fo
un
d 

fr
om
 
49
4 

to
 
69
5 

me
te
rs
 

wa
te
r 

de
pt

h,
 
co

ns
ti

tu
ti

ng
 
mo

re
 
th

an
 
60
% 

of
 
th
e 

to
ta
l 

li
vi

ng
 

fa
un

al
 

as
se
mb
la
ge
 

at
 

69
5 

me
te

rs
 
in

 
th

e 
Re

do
nd

o 
Su
bm
ar
in
e 

Ca
ny
on
 
re
gi
on
 
of

 
th

e 
Sa

nt
a 

Mo
ni

ca
 
Ba
y.

El
se

wh
er

e 
of

f 
so

ut
he

rn
 
Ca
li
fo
rn
ia
, 

Bu
li

mi
ne

ll
a 

te
nu
at
a 

ha
s 

be
en
 
re
po
rt
ed
 
at
 
86

 
an
d 

72
4 

me
te

rs
 
wa
te
r 

de
pt
h 

(C
us
hm
an
, 

19
27

a;
 

Cu
sh
ma
n 

an
d 

Mc
Cu

ll
oc

h,
 
19

48
; 

Cu
sh

ma
n 

an
d 

Pa
rk

er
, 

19
47

).
 

It
 

ha
s 

al
so

 
be

en
 

fo
un
d 

in
 
th
e 

Sa
n 

Pe
dr
o 

ar
ea

 
in

 
wa
te
rs
 
of

 
82

 
me

te
rs

 
an

d 
ne

ar
 
Sa

nt
a 

Ca
ta
li
na
 
Is

la
nd

 
at
 

52
1,
 

54
9,

 
89
4,
 

an
d 

mo
st
 
ab

un
da

nt
ly

, 
at

 
10

97
 
me

te
rs

 
(C
us
hm
an
 
an

d 
Mc

Cu
ll

oc
h,

 
19

48
).

 
Li
ve
 

sp
ec
im
en
s 

of
 

Bu
li
mi
ne
ll
a 

te
nu
at
a 

ha
ve

 
be
en
 
re

po
rt

ed
 
fr

om
 
th
e 

so
ut
he
rn
 
co
nt
in
en
ta
l 

bo
rd
er
la
nd
 

as
 
we

ll
, 

wh
er

e 
th
ey
 
we

re
 

as
so
ci
at
ed
 

wi
th
 

bo
th

 
th
e 

lo
we

r 
sl

op
e 

an
d 

ba
si

n 
fl

oo
r 

as
se
mb
la
ge
s 

(D
ou
gl
as
 
an

d 
He
it
ma
n,
 

19
79

).
 

On
 
th

e 
in
ne
r 

sl
op

es
 
of
 

th
e 

ne
ar

sh
or

e 
ba

si
ns

, 
th

e 
sp
ec
ie
s 

oc
cu
rr
ed
 

in
 
lo

w 
nu

mb
er

s 
be
tw
ee
n 

30
0 

an
d 

45
0 

to
 
50
0 

me
te

rs
, 

oc
cu
py
in
g 

th
e 

zo
ne

 
im

me
di

at
el

y 
ab

ov
e 

th
e 

ox
yg
en

CO



CO
 

00

mi
ni
mu
m 

la
ye
r,
 

wi
th
 
va

lu
es

 
be
tw
ee
n 

1.
5 

an
d 

<0
.5
 
ml
/1
. 

Th
e 

wa
te
rs
 
he
re

 
ar
e 

fu
rt
he
ro

 c
ha

ra
ct

er
iz

ed
 
by
 
a 

te
mp
er
at
ur
e 

ra
ng
e 

of
 

be
tw

ee
n 

4.
8 

an
d 

7.
0°
C 
an

d 
sa

li
ni

ty
 
fr
om
 
34

.2
 
to
 
34
.4
°/
oo
. 

At
 
ap

pr
ox

im
at

el
y 

45
0 

to
 
50
0 

me
te

rs
 
an
d 

co
nt

in
ui

ng
 

do
wn
 

to
 

ba
si

n 
de
pt
hs

 
of
 
90
0 

me
te
rs
, 

Bu
li

mi
ne

ll
a 

te
nu

at
a 

in
cr
ea
se
s 

in
 

ab
un
da
nc
e.
 

In
 
th

is
 
lo
we
r 

pa
rt

 
oT
 

tl
ie
 

ne
ar

sh
or

e 
ba
si
n'
s 

lo
we

r 
sl
op

e 
as
se
mb
la
ge
, 

th
e 

fa
un
as
 

re
si
de
 

in
 

th
e 

Ea
st
 

Pa
ci
fi
c 

In
te
rm
ed
ia
te
 

Wa
te
r 

en
vi

ro
nm
en
t.
 

In
 

th
e 

ou
te

r 
ba

si
ns

, 
th

is
 

sp
ec
ie
s 

be
co
me
s 

no
ti

ce
ab
le
 
on

ly
 
in
 
th
e 

de
ep
er
 

re
gi

on
 
of
 
th

e 
lo
we
r 

sl
op

e 
as
se
mb
la
ge
, 

oc
cu

rr
in

g 
pr

im
ar

il
y 

at
 

th
e 

si
ll
 

de
pt

hs
 

of
 

th
e 

ba
si
ns
 

an
d 

be
lo
w.
 

Te
mp

er
at

ur
e,

 
sa

li
ni

ty
 
an

d 
ox

yg
en

 
co
nt
en
t 

re
ma
in
 
fa
ir
ly
 
co
ns
ta
nt
 

in
 

th
is
 

re
gi

on
 

(i
.e
.,
 

4.
1 

to
 

8.
0*
C,
 

34
.3
 
to
 
34
.4
°/
oo
, 

0.
3 

to
 
1.

1 
ml

/1
) 

an
d 

ar
e 

no
t 

as
so

ci
at

ed
 
wi

th
 
th
e 

fa
un
al
 
ch

an
ge

s,
 

bu
t.

..
 a

 
ch
an
ge
 

in
 

se
di

me
nt

 
ty
pe
 

fr
om

 
fi
ne
 
sa

nd
y 

si
lt

 
to
 
si

lt
 
an
d 

cl
ay

 
ma

y 
be

 
re

sp
on

si
bl

e 
fo

r 
th

e 
fa
un
al
 

di
st
ri
bu
ti
on
s 

no
te

d 
(D
ou
gl
as
 
an

d 
He

it
ma

n,
 
19
79
).
 

Bu
li
mi
ne

ll
a 

te
nu
at
a 

be
co

me
s 

an
 

im
po

rt
an

t 
me

mb
er
 
of

 
th
e 

ba
si
n 

fl
oo
r 

as
se
mb
la
ge
 
in

 
bo
th
 

th
e 

ne
ar
sh
or
e 

an
d 

ou
te
r 

ba
si
ns
. 

Th
e 

ba
si
na
l 

wa
te
rs
 
of
 
th
e 

ne
ar
sh
or
e 

ba
si

ns
 
ar
e 

ch
ar
ac
te
ri
ze
d 

by
 
te
mp
er
at
ur
es
 
fr

om
 

4.
8 

to
 

6.
1*
C,
 
sa

li
ni

ty
 
of
 
34

.3
 
to
 
34

.4
°/

oo
 
an
d 

an
 
ox
yg
en
 
co
nt
en
t 

of
 
0.

08
 
to
 
0.
9 

ml
/1
 
at

 
a 

de
pt

h 
fr

om
 
55
0 

to
 
95
0 

me
te
rs
. 

Th
e 

wa
te

r 
pa
ra

me
te
rs
 
as

so
ci

at
ed

 
wi
th
 
th
e 

ba
si
n 

fl
oo
r 

as
se
mb
la
ge
 

in
 
th
e 

of
fs

ho
re
 
ba

si
ns

 
at
 
12

00
 
to

 
19

00
 

me
te

rs
 

wa
te

r 
de

pt
h 

ar
e 

qu
it

e 
si
mi
la
r:
 
te

mp
er

at
ur

e 
be
tw
ee
n 

4.
1 

an
d 

6.
2C
, 

sa
li
n­
 

it
y 

fr
om

 
34

.2
 
to
 
34

.4
°/

oo
 
an

d 
a 

di
ss
ol
ve
d 

ox
yg
en
 

co
nt
en
t 

ra
ng
e 

of
 

0.
25

 
to
 
0.
5 

ml
/1
 
(D

ou
gl

as
 
an
d 

He
it

ma
n,

 
19
79
).
 

A 
si
mi
la
r 

de
pt
h 

ra
ng

e 
fo

r 
Bu

li
mi

ne
ll

a 
te
nu
at
a 

wa
s 

su
mm
ar
iz
ed
 

by
 
In

gl
e 

(1
98
0)
 
in

 
hi
s 

re
vi

ew
 
of
 
be
nt
hi
c 

fo
ra
mi
ni
fe
rs
 
of
 
th
e 

so
ut
he
rn
 

Ca
li

fo
rn

ia
 

co
nt
in
en
ta
l 

bo
rd
er
la
nd
, 

wh
er

e 
th
e 

sp
ec

ie
s 

wa
s 

fo
un
d 

as
so

ci
at

ed
 w

it
h 

th
e 

up
pe
r 

mi
dd
le
 
ba
th
ya
l 

bi
of
ac
ie
s,
 
ly
in
g 

at
 
a 
de

pt
h 

of
 
50
0 

to
 
15

00
 
me
te
rs
.

In
 
th
e 

Sa
n 

Di
eg

o 
of
fs
ho
re
 
re

gi
on
, 

th
e 

U.
S.

 
Co

as
t 

an
d 

Ge
od

et
ic

 
Su

rv
ey
 
sh

ip
 G

ui
de

 
co
ll
ec
te
d 

Bu
li
mi
ne
ll
a 

te
nu

at
a 

in
 

bo
tt
om
 
sa
mp

le
s 

at
 
a 

de
pt

h 
of
 
72

4,
 
78

5,
 
85
0 
a
n
d
l
O
T
I
m
e
t
e
r
s
 

an
d 

in
 
wa
te

rs
 
46

8 
me
te
rs
 
de

ep
 n

ea
r 

th
e 

Un
it

ed
 
St

at
es

-M
ex

ic
o 

bo
rd
er
 
(C
us

hm
an
, 

19
27
a)
. 

Bu
tc
he
r 

(1
95
1)
 
re

po
rt

ed
 
lo
w 

re
la

­ 
ti
ve
 
fr
eq
ue

nc
ie
s 

of
 
th
e 

ta
xo

n 
25

 
km
 
fr

om
 
th
e 

Sa
n 

Di
eg
o 

co
as

t 
in

 
th
e 

Co
ro

na
do
 
Ba
nk
 
an

d 
as
so
ci
at
ed
 
re
gi

on
s,

 
at
 
a 

de
pt
h 

of
 

18
0 

to
 
10
25

 
me
te
rs
. 

Uc
hi

o 
(1

96
0)

 
al

so
 
re
po
rt
ed
 
th
e 

pr
es
en
ce
 

of
 
li
ve
 
an

d 
de

ad
 
in

di
vi

du
al

s 
of
 

th
is
 

sp
ec
ie
s 

in
 

a 
la

te
r 

st
ud
y 

fr
om

 
th
e 

sa
me
 

ar
ea

, 
wi

th
 

th
e 

to
ta
l 

po
pu
la
ti
on
 

di
sc
ov
er
ed
 
be
tw
ee
n 

39
1 

an
d 

th
e 

st
ud
y'
s 

li
mi
t 

of
 
11
06
 m

et
er

s.
 

Th
e 

gr
ea

te
st

 
pe

rc
en

ta
ge

 
of
 
li

vi
ng

 
sp
ec
im
en
s,
 
co
mp
ri
si
ng
 
4%
 

of
 
th
e 

li
vi

ng
 
fa
un
al
 
as

se
mb

la
ge

, 
oc

cu
rr
ed
 

at
 

64
0 

an
d 

71
3 

me
te

rs
. 

In
 
th
e 

to
ta

l 
(l
iv
in
g 

pl
us
 
de
ad
) 

po
pu

la
ti

on
, 

Bu
li
m­
 

in
el

la
 
te

nu
at

a 
co

mp
ri

se
d 

a 
ma

xi
mu

m 
of
 
0.

6%
 
of
 
th
e 

as
se
mb
la
ge
 

at
 
de
pt
hs
 
of

 
50

3,
 
64
9 

an
d 

84
1 

me
te
rs
.

Bu
li

mi
ne
ll
a 

te
nu

at
a 

ha
s 

al
so
 
be
en
 
fo
un
d 

as
so
ci
at
ed
 
wi

th
 

oc
ea

ni
c 

de
po

si
ts
 
of
f 

Me
xi
co
. 

In
 
To

do
s 

Sa
nt

os
 
Ba

y,
 
Ba

ja
 
Ca
l­
 

if
or

ni
a,

 
Wa

lt
on
 
(1
95
5)
 
fo

un
d 

th
is
 
sp

ec
ie
s 

to
 

be
 

as
so
ci
at
ed
 

wi
th

 
hi

s 
of

fs
ho
re
 
fa
un
a,
 
wh
ic
h 

oc
cu

rr
ed

 
ju
st
 
ou
ts
id
e 

th
e 

ba
y 

it
se

lf
, 

at
 
ap

pr
ox

im
at

el
y 

64
0 

me
te

rs
, 

to
 
a 

de
pt
h 

of
 
at
 

le
as

t 
10
97
 

me
te
rs

. 
El
se
wh
er
e 

of
f 

Me
xi
co
, 

it
 
wa
s 

re
co

ve
re

d 
by
 
th
e

Al
la
n 

Ha
nc
oc
k 

Pa
ci
fi
c 

Ex
pe
di
ti
on
s 

at
 
29
 
an
d 

33
5 

me
te
rs
 
wa

te
r 

de
pt
h 

(C
us

hm
an
 

an
d 

Mc
Cu

ll
oc

h,
 
19
48
).
 

In
 
th

e 
Gu

lf
 
of

 
Ca

li
­ 

fo
rn

ia
, 

Ba
nd

y 
(1
96
1)
 
re

po
rt

ed
 
th

is
 

sp
ec

ie
s 

as
 

a 
do
mi
na
nt
 

co
ns

ti
tu

en
t 

of
 
hi
s 

up
pe

r 
ba
th
ya
l 

bi
of

ac
ie

s,
 
wh

ic
h 

wa
s 

as
so

­ 
ci
at
ed
 
wi
th
 
a 

de
pt

h 
of
 
36
6 

to
 
61
0 

me
te

rs
 
in

 
wa

te
rs

 
ra

ng
in

g 
in
 

te
mp

er
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Ph
le

ge
r,

 
19
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a,
 
R,
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na
di
an
 
an

d 
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ee
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an
d 
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ct

ic
.

In
 
Ba
ff

in
 
Ba

y,
 
th
is
 
sp
ec
ie
s 

wa
s 

fo
un

d 
to

 
be

 
a 

me
mb
er
 
of

 
th

e 
re

ce
nt

 
ar

ct
ic

 
fa
un
a 

an
d 
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pe

ar
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to
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".

..
ge

n­
 

er
al
ly

 
in
di
ca
ti
ve
 
of
 
wa
te
r 

de
pt
hs

 
le

ss
 
th

an
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t 
25
0 

m.
 . 

."
Co

op
er

, 
19

61
, 

R,
 
in

te
rt

id
al

, 
CA

. 
& 
Or
eg
on
 
co
as
t.

Co
op
er

 
fo
un
d 

th
is
 
sp
ec
ie
s 

to
 
be
 
a 

me
mb
er
 
of

 
th

e 
in
te
r-
 

ti
da

l 
fa

un
al

 
as
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mb

la
ge

 
al
on
g 

th
e 

Ca
li
fo
rn
ia
 
an
d 

Or
eg
on
 

co
as
ts

.
Ha

ll
er

, 
19

80
, 

Pl
io

, 
Hu
mb
ol
dt
 
Ba
si
n,
 
Ca
li
fo
rn
ia
.

Ca
ss
id

ul
in

a 
mi

nu
ta

 
wa
s 

fo
un

d 
oc
cu

rr
in

g 
ra
re
ly
 

to
 

f-
re

- 
q
u
e
n
t
l
y
T
H
 
t
h
e
C
e
n
t
e
r
v
i
l
l
e
 

co
as
ta
l 

se
ct
io
n 

of
 
th
e 

lo
we

r,
 
mi
dd
le
 
an
d 

up
pe
r 

Ri
o 

De
ll
 
Fo
rm
at
io
n,
 
as

 
de
fi
ne
d 

by
 

Ha
ll
er
. 

In
 
th

e 
Sc
ot
ia
-E
el
 
Ri
ve
r 

se
ct
io
n,
 
th
e 

ta
xo

n 
wa

s 
re

po
rt
ed
 
to
 
be

 
fr

eq
ue

nt
 
in

 
th
e 

Pu
ll
en
 
Fo

rm
at

io
n 

an
d 

ra
re
 

to
 
co
mm
on
 
in

 
th

e 
lo
we
r,
 
mi
dd

le
 
an
d 

up
pe

r 
se

ct
io

ns
 

of
 
th
e 

Ri
o 

De
ll
 
Fo
rm
at
io
n.
 

Ba
se
d 

up
on
 

th
e 

wo
rk

s 
of

 
Ba

nd
y 

(1
96

0b
) 

an
d 

La
nk

fo
rd

 
(1

96
2)

, 
in
vo
lv
in
g 

th
e 

ba
th
y-
 

me
tr
ic

 
di

st
ri

bu
ti

on
 
of
 
re

ce
nt

 
fo
ra
mi
ni
fe
rs
, 

Ha
ll
er
 
co

n­
 

cl
ud

ed
 

th
at
 

Ca
ss

id
ul

in
a 

mi
nu
ta

 
li

ve
s 

in
 
ab
un
da
nc
e 

in
 

th
e 

ce
nt

ra
l 

an
d 

ou
te

r 
s
h
e
l
f
r
e
g
i
o
n
s
 

be
tw

ee
n 

ap
pr
ox
i­
 

ma
te

ly
 

60
 
an

d 
15
0 

me
te
rs
, 

an
d 

in
 
le
ss
er
 
pe
rc
en
ta
ge
s 

in
 

th
e 

up
pe
r 

ba
th
ya
l 

en
vi
ro
nm
en
t 

to
 
a 

de
pt
h 

of
 
ne
ar
ly
 

60
0 

me
te

rs
.

Ha
rm
an
, 

19
64

, 
R,

 
Sa

nt
a 

Ba
rb
ar
a 

Ba
si
n,
 
CA

.
Th
is
 
sp

ec
ie

s 
wa

s 
pr
es
en
t 

in
 
bo

th
 
th
e 

sl
op

e 
an
d 

ba
si

n 
fa

un
as

 
re
co
ve
re
d 

be
tw
ee
n 

th
e 

de
pt
hs
 

of
 
37

2 
an
d 

57
6 

me
te

rs
. 

It
 
co
mp
ri
se
d 

le
ss
 
th
an

 
1%
 
of

 
th
e 

fa
un
al
 
as

se
m­

 
bl

ag
e 

at
 

al
l 

de
pt

hs
 
wi
th
 
th
e 

ex
ce
pt
io
n 

of
 
46
7 

me
te

rs
, 

wh
er
e 

th
e 

ta
xo
n 

ac
co
un
te
d 

fo
r 

3%
 
of

 
th
e 

fa
un
a.
 

Be
ca

us
e 

it
 
wa
s 

pr
es

en
t 

on
 
bo
th
 
th
e 
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op
e 

an
d 
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th
e 
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si
n,
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r­
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n 

co
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id
er
ed
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a 

me
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er
 
of
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op
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an
 
fa
un
a.
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Gl
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n,
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59
, 

R,
 
li

vi
ng

 
& 

de
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, 

S.
 
Ca
ta
li
na
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.,
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.
Li

vi
ng

 
an

d 
de
ad
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du
al
s 

of
 
Ca
ss
id
ul
in
a 

mi
nu
ta
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re
co
ve

re
d 
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n 
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f 
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nt
a 

Ca
ta
li
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. 

Th
e 
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n,
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an
d 
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ar
in
a 
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eq
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y 
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s 
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l 
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Li
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in
a 
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d 
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t 
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to
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of
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y 
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h 

ra
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de

ad
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di
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e 
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r 
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s 

of
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a 
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e 

fa
un
al
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se
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be
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n 
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e 
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pt
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an
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le
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y,
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£. 

de
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, 
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a 
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.
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sp
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ie
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s 

fo
un
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an
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e 

Sa
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y.
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e 

ta
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e 
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d 

6%
 
at

 
91
 
me
te
rs
. 

It
 
al

so
 c

on
st
it
ut
ed
 

10
% 

of
 
th
e 

as
se
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ra
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ra
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ra
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ra
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re
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ra
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re
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d 
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.
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R,
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f,
 
SW
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.
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lt
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el
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l 
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ra
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fe

rs
 

of
 

th
e 

so
ut
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ul
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s 
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s 

in
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if
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ne
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, 
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s,
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, 

E.
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ls
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e
x
i
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u
a
a
n
d
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lu
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.
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.



Di
 s
tr

ib
ut

 i
on

Ca
ss
id
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t
H
e
M
o
n
t
e
r
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n 
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in
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d 
an
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nd
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s 

be
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n 

th
e 

de
pt
hs
 
of
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an
d 
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5 
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do
wn
co
re
, 

th
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ta
xo
n 

ac
co

un
ts

 
fo

r 
le
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th
an
 
1 

to
 
5.

5%
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e 

fa
un
a 

in
 
se
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me
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s 

do
wn
 
to
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2 
cm
. 
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e 

sp
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ie
s'

 
ab

un
da
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e 

ri
se

s 
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am
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ic
al
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be
lo
w 

th
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wh
er
e 

it
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ri
­ 
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s 

fr
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4.
8 
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35
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e 
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un
al
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.
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ss
id
ul
in
a 

tr
an

sl
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en
s 

Cu
sh

ma
n 

an
d 

Hu
gh

es
 

Pl
at
e 

20
, 

fi
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re
 
5

Ca
ss
id
ul
in
a 

tr
an
sl
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en
s 

Cu
sh

ma
n 

an
d 

Hu
gh
es
; 
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sh
ma
n 

an
d 

H
u
g
h
e
s
,
1
5
2
5
,
 
p.

 
15
, 

pi
. 

2,
 
fi

g.
 
5;

 
Cu

sh
ma

n,
 
19

25
c,

 
p.
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, 
pi

. 
9,
 
fi
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. 

3-
4;
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ll

ow
ay

 
an

d 
Wi
ss
le
r,
 
19
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, 

p.
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-8
1,
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. 
12

, 
fi
g.
 

11
; 
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ur

ch
, 

19
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, 

p.
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6;
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tl

an
d,

 
19
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, 

p.
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, 
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. 
9,
 
fi

g.
 
10
; 

Ba
nd

y,
 
19
53
a,
 

p.
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6,
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. 
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, 

fi
g.

 
6;
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e,
 
19
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, 

p.
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5,
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3.
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19
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R,
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lf
 
of
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.
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op

er
, 

19
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R,
 
in

te
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id
al
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co
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t.
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y,
 
19
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a,

 
R,
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an
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o 
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n 
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eg
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.
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ll
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, 

19
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si
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li
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s 
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d 
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he
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19
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R,
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a 
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ar
a 
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.
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.
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o 
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t 
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.
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, 
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io
, 
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s 
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ge

le
s 
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n,
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.
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s 

An
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s 
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n,
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.
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s 
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e 

Re
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o 
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d 
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at
io
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19
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s 
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.
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ra
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.,
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an
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.
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e,

 
19
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l 
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er
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nd
.
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he
r,

 
19
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R,
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ro
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n 
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.
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w 

re
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e 
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0 
an
d 

10
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me
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.
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nd
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19
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om
s.
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th
e 

up
pe

r 
ba

th
ya

l 
bi
of
ac
ie
s 

be
tw

ee
n 

th
e 

de
pt

hs
 
of
 
36
6 

ap
nd
 

61
0 

me
te
rs
, 

wi
th

 
te

mp
er

at
ur

es
 
ra

ng
in

g 
fr
om
 
4.
5 

to
 
6.
0C
.

Do
ug

la
s 

t 
Wo
od
ru
ff
, 

19
81

, 
de

ep
-s

ea
 
be

nt
ho

ni
c 

fo
ra
ms
.

Cu
sh
ma
n 

& 
Hu

gh
es

, 
19
25

, 
Pl

io
-P

le
is

, 
Pa

lo
s 

Ve
rd
es
, 

CA
.

Mc
Cu
ll
oc
h,
 
19
77
, 

mo
re
 
Al
la
n 

Ha
nc
oc
k 

Ex
pe
d.
 
fo
ra
ms
.

Mu
rr
ay
, 

19
73

, 
R,
 
ge

ne
ra

l 
ec

ol
og

y 
& 
di

st
ri

bu
ti

on
. 

Di
st

ri
bu

ti
on

Ra
re

 
oc

cu
rr

en
ce

s 
of
 

Ca
ss

id
ul

in
a 

tr
an
sl
uc
en
s.
 

al
wa

ys
 

co
mp
ri
si
ng
 
le

ss
 
th
an
 
1%
 
of

 
th
e 

fa
un
al
 
as

se
mb

la
ge

, 
we

re
 
fo

un
d 

as
so

ci
at

ed
 
ex
cl
us
iv
el
y 

wi
th

 
th
e 

si
x 

sa
nd

 
in
te
rv
al
s 

in
ve
st
i­
 

ga
te
d 

be
tw
ee
n 

th
e 

de
pt
hs
 
of

 
13

3.
5 

an
d 

41
4.

5 
cm

 
do
wn
co
re
.

Ca
ss

id
ul

in
a 

tu
mi
da
 
Na

tl
an

d 
Pl

at
e 

20
, 

fi
gu

re
s 

6,
 

7

Ca
ss

id
ul

in
a 

tu
mi
da
 
Na

tl
an

d;
 

Na
tl

an
d,

 
19

38
, 

p.
 
14
8-
14
9,
 

pi
 

6
^
f
i
g
s
.
2
^
3
;
S
m
i
t
h
,
 

19
64

, 
p.
 
B4
0,
 
pi
. 

3,
 
fi

gs
. 

7,
 
11

 
Ma
to
ba
 
an

d 
Ya

ma
gu

ch
i,

 
19
82
, 

p.
 
10

41
, 

pi
. 

3,
 
fi
g.
 
12
.

Cr
ou
ch
, 

19
52
, 

R,
 
11

 
de

ep
 
ba
si
ns
 
of
f 

so
ut
he
rn
 
CA
. 

Ma
to
ba
 

(, 
Ya
ma
gu

ch
i,

 
19

82
, 

Pl
io

-H
ol

oc
en

e,
 
Gu

lf
 
of
 
CA

, 
Sm
it
h,
 
19
64
, 

R,
 
El
 
Sa

lv
ad

or
 
& 
Ni

ca
ra

gu
a.

 
Mu

rr
ay

, 
19
73
, 

R,
 
ge
ne
ra
l 

ec
ol

og
y 

(, 
di
st
ri
bu
ti
on
.

Di
st

ri
bu

ti
on

On
e 

re
pr
es
en
ta
ti
ve
 
of

 
th

is
 
sp
ec
ie
s 

wa
s 

re
co
ve
re
d 

in
 
th
e 

sa
nd

 
in
te
rv
al
 
ly

in
g 

be
tw
ee
n 

24
8 

an
d 

25
0 

cm
 
do

wn
co

re
.

Ca
ss

id
ul

in
a 

sp
p.

 
Pl
at
e 

20
, 

fi
gu
re
s 

3,
 
8

Ca
ss

id
ul

in
a 

sp
p.
 

Si
x 

in
di
vi
du
al
s 

we
re

 
re
co
ve
re
d,
 

tw
o 

of
 

w
h
i
c
h
a
r
e
 

fi
gu

re
d.

 
On

e 
sh

ow
s 

si
mi

la
ri

ti
es

 
to
 
Ca

ss
id

ul
in

a 
np
rc
ro
ss
i 

Cu
sh

ma
n.

 
Ti

me
 
di
d 

no
t 

pe
rm
it
 

i
d
e
n
t
i
f
i
c
a
t
i
o
n
t
o
 

th
e 

sp
ec
if
ic
 
le

ve
l.



Cu
sh

ma
n,

 
19
33

d,
 

R,
 
ar

ct
ic

, 
Fo
x 

Ba
si

n 
an

d 
Gr
ee
nl
an
d.
 

La
go

e,
 
19
79

b,
 

R,
 
sh
al
lo
w,
 
Pr

ud
ho

e 
Ba

y,
 
Al

as
ka

. 
Mc
Gl
as
so
n 

(?
),
 
19

59
, 

R,
 
li
vi
ng
 

£, 
de

ad
, 

S.
 
Ca
ta
li
na
 
Is
.,
 
CA
, 

Mu
rr
ay
, 

19
73

, 
R,
 
ge

ne
ra

l 
ec
ol
og
y 

& 
di

st
ri

bu
ti

on
.

Di
st

r 
ib
ut
 i
on

Fo
ur

 
of

 
th
e 

si
x 

Ca
ss

id
ul

in
a 

sp
p.

 
we
re
 
fo

un
d 

as
so

ci
at

ed
 

wi
th
 

an
 

eq
ua
l 

nu
mb
ef
r 

o
l
s
a
n
d
 
la
ye
rs
 
lo
ca
te
d 

be
tw
ee
n 

th
e 

de
pt
hs
 
of

 
46
 
an
d 

41
4.
5 

cm
 
do
wn
co
re
. 

Th
e 

re
ma
in
in
g 

tw
o 

in
di

­ 
vi
du
al
s 

we
re
 

re
co
ve
re
d 

fr
om

 
th
e 

mu
d 

in
te

rv
al

 
ly

in
g 

fr
om
 

28
9.
5 

to
 
29
2 

cm
. Ca
ss
id
ul
in
oi
de
s 

br
ad

yi
 
(N

or
ma

n)
 

Pl
at
e 

21
, 

fi
gu

re
 
2

Ca
ss
id
ul
in
a 

br
ad

yi
 
No

rm
an

; 
No
rm
an
, 

in
 
Br

ad
y,

 
18
81
, 

p.
 

59
; 

B
r
a
d
y
(
i
n
 

pa
rt

),
 
18

84
, 

p.
 
43

1,
 
pi
. 

54
, 

fi
gs
. 

6-
9;
 
Cu

sh
ma

n,
 

19
25

c,
 
p.

 
52

, 
pi

. 
8,

 
fi

gs
. 

3-
5.

Ca
ss

id
ul

in
oi

de
s 

br
ad

yi
 
(N

or
ma

n)
; 

Ba
rk

er
, 

19
60

, 
p.

 
11

2,
 

pi
. 

5
1
"
;
f
i
g
s
.
 

iF
S;
 

Hi
gT

e,
 
19

73
, 

p.
 
56

3;
 
Ha
ll
er
, 

19
80

, 
p.

 
26
1,
 

pi
. 

13
, 

fi
g.

 
6.

Cu
sh
ma
n 

(. 
To

dd
, 

19
47

b,
 
Pl
io
? 

Pl
ei

s?
, 

Am
ch

it
ka

 
Is
.,
 
AK

.
Qu

ar
ry

 
sa
mp
le
s 

yi
el
de
d 

qu
es

ti
on

ab
le

 
re

pr
es

en
ta

ti
ve

s 
of

 
th

is
 

ta
xo

n.
 

Th
e 

".
..
fa
un
a 

is
 
de

ci
de

dl
y 

on
e 

of
 
co
ld
 

wa
te

rs
, 

it
 
is

 
no

t 
by
 
an
y 

me
an
s 

ar
ct

ic
..

."
Cu
sh
ma
n,
 
19

27
a,

 
R,

 
W.
 
co

as
t,

 
Or
eg
on
 
to
 
Ce

nt
ra

l 
Am

er
.

Th
e 

sp
ec

ie
s 

wa
s 

re
co

ve
re

d 
so

ut
h 

of
 
Mo

nt
er

ey
 
Ba
y 

at
 

th
e 

de
pt

hs
 
of

 
13

46
 
an
d 

14
94

 
me

te
rs

, 
of
f 

so
ut

he
rn

 
Ba

ja
, 

Me
x­

 
ic
o 

at
 
a 

de
pt

h 
of
 
16
77
 

me
te

rs
, 

an
d 

ne
ar

 
th

e 
Un

it
ed

 
St
at
es

-M
ex
ic
o 

bo
rd

er
 
at
 
a 

de
pt

h 
of

 
13

53
 
me
te
rs
.

Ha
ll
er
, 

19
80
, 

Pl
io

, 
Hu
mb
ol
dt
 
Ba

si
n,

 
Ca

li
fo

rn
ia

.
Ca
ss
id
ul
in
oi
de
s 

br
ad
yi
 
wa

s 
ob
ta
in
ed
 
in

 
on
ly
 
a 

fe
w 

sa
m­

 
p
l
e
d
f
r
o
m
 

th
e 

lo
we
r 

me
mb
er
 
of
 
th

e 
Ri
o 

De
ll
 
Fo
rm
at
io
n,
 

as
 
ex

po
se

d 
in

 
th

e 
Ce

nt
er

vi
ll

e 
co

as
ta

l 
se
ct
io
n.
 

It
 

co
mp
ri
se
d 

a 
ma

xi
mu

m 
of

 
be
tw
ee
n 

2.
5 

an
d 

5%
 
of
 
th

e 
fa

un
al

 
as

se
mb

la
ge

 
in

 
th
es
e 

Pl
io

ce
ne

 
(V

en
tu

ri
an

-W
he

el
er

ia
n)

 
de

po
si

ts
. 

Ba
se

d 
up
on
 

th
e 

wo
rk

s 
of

 
Ba

nd
y 

(1
96

0b
) 

an
d 

La
nk
fo
rd
 
(1
96
2)
, 

in
ve

st
ig

at
in

g 
th

e 
ba

th
ym

et
ri

c 
di

st
ri

­ 
bu
ti
on
 

of
 

re
ce

nt
 

fo
ra

mi
ni

fe
rs

, 
Ha
ll
er
 
co

nc
lu

de
d 

th
at

 
Ca
ss
id
ul
in
oi
de
s 

sp
p.
 
ar

e 
ab

un
da

nt
ly

 
re

pr
es

en
te

d 
in

 
th
e

ba
th
ya
l 

an
d 

ab
ys

sa
l 

en
vi
ro
nm
en
ts
 
be

tw
ee

n 
ap

pr
ox

im
at

el
y 

15
0 

an
d 

>4
00

0 
me

te
rs

.
Cr
ou
ch
, 

19
52
, 

R,
 
11

 
de

ep
 
ba

si
ns

 
of

f 
so
ut
he
rn
 
CA

.
Cr

ou
ch

 
fo

un
d 

th
is

 
sp
ec
ie
s,
 
wh
ic
h 

he
 
re
fe
rr
ed
 
to

 
as

 
Ca

s­
 

si
du

li
no

id
es

 
cf

. 
C.

 
br
ad
yi
, 

co
mm
on
 
in

 
wa
te
r 

te
mp

er
a-

 
tu
re
s 

be
tw

ee
n 

4.
0 

an
3 

5.
0T
C.
 

He
 
al

so
 
no

te
d 

th
at
 
in

di
vi

­ 
du

al
s 

be
ca

me
 
mo

re
 
co
mp
re
ss
ed
 
an
d 

ra
re

 
in

 
ab
un
da
nc
e 

wh
en

 
th
e 

te
mp

er
at

ur
e 

dr
op
pe
d 

be
lo

w 
3.

0*
C.

In
gl
e,
 
Ke

ll
er

 
(. 

Ko
lp
ac
k,
 
19

80
, 

R,
 
Pe

ru
-C

hi
le

 
Tr

en
ch

.
Th
is
 
sp

ec
ie

s 
wa

s 
re

po
rt

ed
 

in
 

bo
th

 
th
e 

up
pe

r-
 

an
d 

lo
we

r-
mi

dd
le

 
ba

th
ya

l 
zo

ne
s 

in
 

th
e 

Pe
ru
-C
hi
le
 
Tr
en
ch
 

ar
ea

. 
Th

e 
ta
xo
n 

oc
cu

rr
ed

 
ra

re
ly

 
at

 
a 

de
pt

h 
of
 

80
0 

me
te

rs
 

an
d 

co
mp

ri
se

d 
<1
% 

of
 
th
e 

fa
un
al
 
as

se
mb

la
ge

 
in

 
18

64
 
an

d 
35

50
 
me

te
rs

 
of
 
wa
te
r.

Re
si

g,
 
19

76
, 

Eo
ce

ne
-R

, 
DS
DP
, 

Na
zc

a 
Pl

at
e,

 
Pe

ru
.

Ut
il
iz
in
g 

on
ly

 
th
e 

sa
nd

 
si
ze
 
(>

0.
06

2 
mm
) 

fr
ac
ti
on
 

of
 

th
e 

DS
DP

 
co

re
 
ma
te
ri
al
, 

Re
si

g 
re
po
rt
ed
 
ob
ta
in
in
g 

Ca
ss
i­
 

du
li

no
id

es
 

br
ad
yi
 

in
 

Pl
ei
st
oc
en
e-
Ho
lo
ce
ne
 

se
di

me
nt

s
Th

e 
ta

xo
n 

wa
s 

fo
un

d 
in

 
on

ly
 
sa

m-
fr

om
 
th

e 
Na

zc
a 

Pl
at
e.

pi
e,
 
wh

er
e 

it
 
co

mp
ri

se
d 

3%
 
of

 
th
e 

fa
un
al
 
as

se
mb

la
ge

.
Pa
rk
er
, 

19
48

, 
R,

 
co

nt
. 

sh
el
f,
 
Gu

lf
 
of

 
Ma
in
e-
Ma
ry
la
nd
.

On
 
th
e 

co
nt
in
en
ta
l 

sh
el
f 

fr
om

 
Ca

pe
 

Co
d 

to
 

Ma
ry
la
nd
, 

Ca
ss

id
ul

in
oi

de
s 

br
ad

yi
 

wa
s 

fo
un

d 
to
 

be
 

a 
do

mi
na

nt
 

me
mb

er
 
of

 
Pa

rk
er

's
 
Zo
ne
 
3,
 
ly

in
g 

be
tw

ee
n 

th
e 

de
pt

hs
 

of
 

90
 

an
d 

30
0 

me
te

rs
. 

Th
is

 
ta

xo
n 

wa
s 

fo
un
d 

as
so
ci
at
ed
 

wi
th
 
Or

id
or

sa
li

s 
um

bo
na

tu
s,

 
Gy
ro
id
in
a 

so
ld

an
ii

, 
Tr

o-
 

c
h
a
m
m
i
n
a
q
l
o
b
i
q
e
r
i
n
i
f
o
r
m
i
s
,
 

Ch
il
os
to
me
ll
a 

ov
oT

de
a 

an
d 

Tr
if

ar
il

Ta
 
an
gu
lo
sF
I

Mu
rr

ay
";

19
71

, 
R,
 
Br
it
is
h 

fo
ra
ms
.

Mu
rr

ay
 
co
nc
lu
de
d 

th
at
 
Ca
ss
id
ul
in
oi
de
s 

br
ad
yi
 
is
 
ch
ar
ac
­ 

te
ri
st
ic
 
of
 
".
..
th
e 

ou
te

r 
sh
el
f 

an
d 

th
e 

to
p 

of
 
th

e 
co
n­
 

ti
ne
nt
al
 
sl
op
e 

(1
00

-1
00

0 
m)

."
 

Th
is

 
ou

te
r 

sh
el
f 

sp
ec

ie
s 

wa
s 

fo
un

d 
li
vi
ng
 

on
 

th
e 

sh
el
f 

ed
ge

 
by
 
th
e 

we
st
er
n 

ap
pr

oa
ch

es
 
to

 
th
e 

En
gl
is
h 

Ch
an
ne
l 

be
tw

ee
n 

th
e 

de
pt
hs
 
of

 
42
0 

an
d 

10
02
 
me
te
rs
. 

De
ad
 
sp
ec
im
en
s 

we
re
 
al

so
 
fo

un
d 

at
 

th
is
 
lo
ca
li
ty
, 

as
 
we

ll
 
as
 
in
 
th
e 

Ba
y 

of
 
Bi

sc
ay

.
Cu

sh
ma

n 
& 

To
dd

, 
19
45
, 

Mi
o,
 
Bu
ff
 
Ba
y,
 
Ja

ma
ic

a.
Th

e 
sp

ec
ie

s 
ha
s 

be
en

 
re

po
rt

ed
 
in
 
Mi

oc
en

e 
se
di
me
nt
s 

fr
om
 

Bu
ff

 
Ba
y,
 

Ja
ma
ic
a 

wh
ic
h 

we
re

 
de
po
si
te
d 

at
 
".

..
me

di
um

 
de

pt
hs

 
an

d 
no

t 
cl

os
e 

to
 
sh
or
e.
..
"

Cu
sh
ma
n,
 
19

11
, 

R,
 
Pa
ci
fi
c 

Oc
ea

n,
.T

ex
tu

la
ri

ds
.

Th
e 

sp
ec

ie
s 

wa
s 

fo
un

d 
so

ut
h 
of

 
Ja

pa
n 

at
 
a 

de
pt

h 
of

 
63
1 

me
te
rs
, 

of
f 

th
e 

Ph
il

ip
pi

ne
s 

in
 
17
4 

me
te

rs
 
of
 
wa

te
r,

 
ne

ar
 
Gu

am
 
at

 
16

29
 
me

te
rs

, 
of
f 

th
e 

Mi
dw
ay
 
Is

la
nd

s 
at
 

a 
de
pt
h 

of
 

36
39
 
me

te
rs

 
an

d 
ne

ar
 
th

e 
Ha

wa
ii

an
 
Is

la
nd

s 
in
 

40
71

 
me

te
rs

 
of
 
wa

te
r.

Di
st

ri
bu

ti
on

Sp
ec

im
en

s 
of
 
Ca
ss
id
ul
in
oi
de
s 

br
ad
yi
 
we
re
 
re
co
ve
re
d 

fr
om

 
bo

th
 

mu
d 

an
d 

sa
nc

i 
in

te
rv

al
s 

be
tw
ee
n 

th
e 

de
pt

hs
 
of

 
20

 
an
d 

46
9.
5 

cm
 
do

wn
co

re
. 

In
 
th
e 

mu
d 

la
ye

rs
, 

th
e 

ta
xo

n 
ac

co
un

ts



fo
r 

le
ss

 
th

an
 

1 
to

 
2.

4%
 
of

 
th
e 

fa
un

a 
an
d 

in
cr

ea
se

s 
in
 
ab

un
­ 

da
nc

e 
do
wn
co

re
. 

In
 

ad
di

ti
on

, 
Ca
ss
id
ul
in
oi
de
s 

br
ad
yi
 

is
 

sl
ig
ht
ly
 

mo
re
 
pr
ev
al
en
t 

in
 
th

e 
sa
nd
 
u
n
i
t
s
,
w
i
t
h
 
it

s 
ma
xi
mu
m 

ab
un

da
nc

e 
re

ac
hi

ng
 
5.

0%
.

Ch
il
os
tp
me
ll
a 

oo
li

na
 
Sc
hw
ag
er
 

Pl
at
e 

2
1
~
f
i
g
u
r
e
 

3

Ch
il

os
to

me
ll

a 
oo

li
na

 
Sc

hw
ag

er
; 

Sc
hw
ag
er
, 

18
78

, 
p.
 
52

7,
 

pi
. 

1
^
f
i
g
.
 
16
; 

Cu
sh

ma
n,

 
19
26
a,
 
p.
 
74
-7
5,

 
pi

. 
11

, 
fi
gs
. 

3-
10
; 

Ph
le

ge
r 

an
d 

Pa
rk
er
, 

19
51

, 
p.
 
29
, 

pi
. 

15
, 

fi
g.

 
10

; 
Ba
rk
er
, 

19
60
, 

p.
 

11
2,

 
pi
. 

55
, 

fi
gs
. 

12
-1
4,
 
17

, 
18

; 
In
gl
e,
 
19

73
, 

p.
 

54
5;
 

Ha
yn

es
, 

19
81
, 

p.
 
27
1,
 
ke

y 
fi

g.
 
12
.9
, 

fi
gs

-.
 
9-

10
.

Ch
il

os
to
me
ll
a 

oo
li

na
 
Sc
hw
ag
er
 
is

 
a 

be
nt

ho
ni

c 
fo

ra
mi

n-
 

if
er

 
t
h
o
u
g
h
t
b
y
 
so
me
 
to
 
be

 
pe
la
gi
c 

du
ri
ng
 
pa

rt
 
of

 
it

s 
li

fe
 

cy
cl
e 

(C
us

hm
an
, 

19
26

a)
. 

Th
e 

ty
pe

 
sp

ec
im

en
 

wa
s 

de
sc
ri
be
d 

fr
om

 
Pl
io
ce
ne

 
de

po
si

ts
 
of
 
Si

ci
ly

 
(S
ch
wa

ge
r,

 
18

78
) 

an
d 

it
 
ha
s 

si
nc
e 

be
en
 
re

po
rt

ed
 
in
 
re

ce
nt

 
se
di
me
nt
s 

fr
om
 
th
e 

Pa
ci
fi
c 

an
d 

At
la
nt
ic
 
Oc

ea
ns

.
Br
ad
y 

(1
88
4)
 
re
po
rt
ed
 
co

ll
ec

ti
ng

 
th
e 

sp
ec

ie
s 

fr
om
 

th
e 

No
rt
h 

an
d 

Ce
nt

ra
l 

Pa
ci
fi
c 

wh
il

e 
on
 
a 

cr
ui
se
 
of

 
th
e 

H.
M.
S.
 

Ch
al

le
ng

er
. 

He
 
dr

ed
ge

d 
up
 
sp
ec
im
en
s 

so
ut
h 

of
 
Ja
pa
n,
 
in

 
th
e 

vi
ci

ni
ty

 
of

 
th
e 

Ph
il

ip
pi

ne
s 

an
d 

at
 
th

e 
Ki

 
Is

la
nd

s 
at

 
de
pt
hs
 

of
 
63
1,
 
17

4 
to
 
18
3 

an
d 

10
61
 

me
te
rs
, 

re
sp
ec
ti
ve
ly
 

(B
ar

ke
r,

 
I9

60
).

 
Th

e 
ta

xo
n 

ha
s 

al
so

 
be

en
 
fo
un
d 

ub
iq

ui
to

us
ly

 
in
 
th
e 

Ea
st

er
n 

Pa
ci

fi
c,

 
ge
ne
ra
ll
y 

oc
cu
rr
in
g 

in
 
ve
ry
 
lo

w 
ab
un
da
nc
es
 

th
ro

ug
ho

ut
 
it

s 
di
st
ri
bu
ti
on
 
(C

us
hm

an
, 

19
27
a)
. 

Ch
il
os
to
me
ll
a 

oo
li
na
 
ha

s 
be

en
 
ob

ta
in

ed
 
in
 
Ho

lo
ce

ne
 
bo
tt
om
 
se
di
me
nt
s 

in
 
th
e 

G
u
T
!
o
f
 

Al
as
ka
 

fr
om
 

th
e 

Ko
di

ak
 
sh
el

f 
to
 
Ca
pe
 
Fa
ir
we
at
he
r 

(B
er
ge
n 

an
d 

O'
Ne
il
, 

19
79
).
 

Th
e 

ta
xo

n 
wa
s 

fo
un

d 
in
 
mi

dd
le

 
to
 

lo
we

r 
ba
th
ya

l 
wa

te
rs

 
be

tw
ee

n 
th
e 

de
pt
hs
 
of

 
56

4 
an
d 

26
23
 

me
te

rs
, 

co
mp

ri
si
ng
 
a 
ma
xi
mu
m 

of
 

5%
 

of
 

th
e 

to
ta

l 
fa
un
al
 

as
se

mb
la

ge
 

in
 

10
43
 

me
te

rs
 

of
 

wa
te

r.
 

It
 

ha
s 

al
so
 
be
en
 

re
co

ve
re

d 
of

f 
th
e 

Or
eg

on
 
co
as
t 

in
 
re

ce
nt
 
de
po
si
ts
 

ta
ke
n 

by
 

th
e 

U.
S.
 
Co
as

t 
an

d 
Ge

od
et

ic
 
Su

rv
ey

 
sh

ip
 G

ui
de
, 

in
 
wa

te
rs

 
15
0 

to
 
10
86
 
me

te
rs
 
de

ep
 
(C
us
hm
an
, 

19
27
a)
. 

Mo
re
 
re
ce
nt
ly
, 

in
di

­ 
vi
du
al
s 

we
re

 
ob
ta
in
ed
 
in

 
a 

co
re
 
(S
it
e 

17
5)

 
ex
tr
ac
te
d 

by
 
th
e 

De
ep
 
Se

a 
Dr

il
li
ng
 
Pr
oj
ec
t 

fr
om
 
th

e 
lo

we
r 

co
nt
in
en
ta
l 

sl
op
e 

of
 
ce
nt
ra
l 

Or
eg
on
, 

bu
t 

in
fo
rm
at
io
n 

re
ga
rd
in
g 

th
ei

r 
ab

un
da

nc
e 

or
 
lo
ca
ti
on
 
wi
th
in
 
th
e 

la
te

 
Te

rt
ia

ry
 
de
po
si
ts
 
wa
s 

no
t 

pr
o­
 

vi
de

d 
(I

ng
le

, 
19
73
).

Th
ir

te
en

 
st
at
io
ns
 
vi

si
te

d 
by

 
th
e 

U.
S.

 
Co

as
t 

an
d 

Ge
o­
 

de
ti
c 

Su
rv

ey
 

sh
ip

 
Di

sc
ov

er
er

 
in

 
th
e 

vi
ci
ni
ty
 
of
 
Mo

nt
er

ey
 

Ba
y,
 
Ca
li
fo
rn

ia
, 

yi
el

de
d 

sp
ec
im
en
s 

of
 

Ch
il

os
to

me
ll

a 
oo
li
na
 

(C
us
hm
an
, 

19
27
a)
. 

Th
es

e 
lo

ca
li

ti
es

 
ra
ng
ed
 
in
 
de
pt
h 

fr
om
 
65
1 

to
 
33
25
 
me

te
rs

, 
wi
th
 
mo
re
 
th

an
 
ha
lf
 
ly
in

g 
at

 
ap
pr
ox
im
at
el
y

30
00
 

me
te

rs
. 

A 
mu

ch
 
sh
al
lo
we
r 

di
st
ri
bu
ti
on
 
of
 
in

di
vi

du
al

s 
of

 
th
is
 
sp
ec
ie
s 

wa
s 

fo
un

d 
in
 
th
e 

Sa
nt

a 
Cr

uz
 
Ba

si
n 

of
f 

Sa
nt
a 

Ba
rb

ar
a,

 
ho

we
ve
r,
 
wh

er
e 

th
ey

 
we

re
 
re
co
ve
re
d 

at
 
a 

re
st

ri
ct

ed
 

de
pt
h 

be
tw
ee
n 

ap
pr

ox
im

at
el

y 
55
0 

an
d 

90
0 

me
te
rs
 

(R
es

iq
, 

19
58
).
Ch

il
os

to
me

ll
a 

oo
li

na
 
ha
s 

al
so
 
be

en
 
re
po
rt
ed
 
in
 
nu

me
ro

us
 

lo
ca
l 
it
 i
e
s
t
o
 

FE
e 

so
ut
h.
 

It
 
wa
s 

a 
co

ns
ti

tu
en

t 
of
 
a 

re
ce
nt
 

be
nt
ho
ni
c 

fo
ra
mi

ni
fe

ra
l 

as
se

mb
la

ge
 
co
ll
ec
te
d 

of
f 

Sa
n 

Pe
dr
o,
 

be
in

g 
ob

ta
in

ed
 
at
 
a 

de
pt
h 

of
 
73
2 

me
te
rs
 
(C
us
hm
an
 
an
d 

Mo
ye
r,
 

19
30
).
 

Th
e 

sp
ec

ie
s 

wa
s 

re
co
ve
re
d 

at
 

se
ve
n 

si
te

s 
of

f 
Sa
n 

Di
eg
o 

by
 

th
e 

U.
S.

 
Co

as
t 

an
d 

Ge
od
et
ic
 
Su

rv
ey

 
sh

ip
 
Gu

id
e 

as
 

we
ll
, 

in
 
wa
te
rs
 
be
tw
ee
n 

46
3 

an
d 

10
57

 
me
te
rs
 

de
ep

 
(C
us
hm
an
, 

19
27
a)
. 

Th
e 

Gu
id

e 
al

so
 
co
ll
ec
te
d 

th
e 

ta
xo

n 
of
fs
ho
re
 
ne

ar
 

th
e 

Un
it

ed
 
St

at
es

-M
ex

ic
o 

bo
rd
er
 
at

 
de

pt
hs

 
of
 

46
8 

an
d 

14
90

 
me
te
rs
 

an
d 

of
f 

so
ut
he
rn
 
Me

xi
co

 
be
tw
ee
n 

70
2 

to
 
70
4 

an
d 

97
3 

me
te
rs
. 

Th
e 

Gu
id

e*
 s
 
si

st
er

 
sh

ip
, 

th
e 

Ly
do

ni
a,

 
sc
ou
re
d 

th
e 

de
pt

hs
 

of
f 

Ba
ja

 
Ca

li
fo

rn
ia

, 
Me

xi
co

 
an
d 

re
po
rt
ed
 
sc
at
te
re
d 

oc
cu

rr
en

ce
s 

of
 
Ch

il
os

to
me

ll
a 

oo
li

na
 

in
 

th
e 

sa
mp
le
s 

th
ey

 
ob
ta
in
ed
 

(C
us
hm

an
, 

19
27
a)
. 

It
 
wa
s 

fo
un
d 

at
 
a 
de

pt
h 

of
 
16
17
 

me
te
rs
 
ne
ar
 
ce
nt
ra

l 
Ba

ja
, 

at
 
16
77
 
an
d 

20
21
 
me

te
rs

 
of
f 

so
ut

h­
 

er
n 

Ba
ja
 
an
d 

in
 
wa

te
rs

 
31

27
 
me

te
rs

 
de

ep
 
ne

ar
 
th
e 

ti
p 

of
 
th
e 

pe
ni

ns
ul

a.
 

In
 
ad
di
ti
on
, 

th
e 

Ly
do
ni
a 

re
po
rt
ed
 

th
e 

sp
ec
ie
s 

fr
om
 

as
 
fa

r 
so

ut
h 

as
 
Pa
na
ma
, 

wh
er
e 

it
 
re
co
ve
re
d 

in
di
vi
du
al
s 

at
 
a 

de
pt

h 
of

 
78
3 

to
 
19
40
 
me
te
rs
.

St
ud

ie
s 

of
 

be
nt
ho
ni
c 

fo
ra
mi
ni
fe
rs
 

in
 

th
e 

Ea
st
er
n 

Pa
ci

fi
c 

of
f 

So
ut

h 
Am
er
ic
a 

ha
ve

 
tu
rn
ed
 
up

 
Ch
il
os
to
me
ll
a 

oo
l-

 
in

a 
as
 
we

ll
. 

Of
f 

Ca
ll
ao
, 

Pe
ru

, 
on
 
th
e 

ea
st
er
n 
e
d
g
e
o
T
 

th
e 

Na
zc

a 
pl
at
e,
 

th
e 

sp
ec
ie
s 

co
mp
ri
se
d 

a 
ma

xi
mu

m 
of

 
10
% 

of
 
th
e 

to
ta
l 

fa
un
al
 
as
se
mb
la
ge
 
in

 
Pl

ei
st

oc
en

e 
to

 
Ho

lo
ce

ne
 
se
di
me
nt
s 

ob
ta

in
ed

 
by
 
th
e 

De
ep

 
Se
a 

Dr
il

li
ng

 
Pr
oj
ec
t 

(R
es
ig
, 

19
76

).
 

In
 

a 
st

ud
y 

of
 
bo

tt
om

 
sa
mp
le
s 

fr
om

 
th
e 

Pe
ru
-C
hi
le
 

Tr
en

ch
 

ar
ea

, 
ho

we
ve

r,
 
In
gl
e,
 
Ke

ll
er

 
an
d 

Ko
lp
ac
k 

(1
98

0)
 
fo

un
d 

th
is

 
sp
ec
ie
s 

to
 
co
mp
ri
se
 
on
ly

 
1 
an
d 

2%
 
of

 
th
e 

po
pu
la
ti
on
 
at

 
13

26
 
an
d 

19
48

 
me

te
rs

 
de
pt
h,
 
re

sp
ec

ti
ve

ly
.

In
 

th
e 

At
la

nt
ic

 
Oc
ea
n,
 

Ch
il

os
to

me
ll

a 
oo

li
na

 
wa
s 

ob
ta

in
ed

 
at

 
a 
de
pt
h 

of
 
90
 
to

 
30
0 

me
te
rs
 
on
 
th
e 

co
nt

in
en

ta
l 

sh
el

f 
be

tw
ee

n 
th

e 
Gu
lf
 
of
 
Ma
in
e 

an
d 

Ma
ry
la
nd
 
(P

ar
ke

r,
 
19

48
),

 
wh
il
e 

th
e 

Sw
ed

is
h 

De
ep

-S
ea

 
Ex
pe
di
ti
on
 
to
 
th
e 

lo
w 

an
d 

mi
d-

 
la
ti
tu
de
s 

of
 
th
e 

No
rt
h 

At
la

nt
ic

 
fo

un
d 

th
e 

sp
ec
ie
s 

to
 

oc
cu

r 
pr

im
ar

il
y 

be
lo
w 

20
0 

me
te
rs
 

(P
hl

eg
er

, 
Pa

rk
er

 
an
d 

Pe
ir
so
n,
 

19
53
).
 

In
 
re
ce

nt
 
se
di
me
nt
s 

co
ll
ec
te
d 

fr
om

 
th
e 

no
rt
hw
es
t 

Gu
lf
 

of
 
Me

xi
co
, 

th
e 

ta
xo
n'
s 

ba
th

ym
et

ri
c 

di
st

ri
bu

ti
on

 
ra
ng
ed
 

mo
st

ly
 
be

tw
ee

n 
20
0 

an
d 

10
00

 
me
te
rs
, 

wi
th
 

on
e 

oc
cu

rr
en

ce
 

re
po
rt
ed
 

at
 

bo
th

 
11
0 

an
d 

11
00
 
me

te
rs

 
wa
te
r 

de
pt
h 

(P
hl
eg
er
, 

19
51
b)
. Mu
rr

ay
 
(1
97

3)
 
ha
s 

co
nc
lu
de
d 

th
at
 
li
vi
ng
 
sp

ec
ie

s 
of
 
th

is
 

ge
nu
s 

ge
ne

ra
ll

y 
in
ha
bi
t 

mu
dd

y 
se
di
me
nt
s 

of
 
ou

te
r 

sh
el
f 

an
d 

ba
th
ya
l 

de
pt
hs
 
be
tw

ee
n 

ap
pr

ox
im

at
el

y 
60
 
an
d 

11
90

 
me
te
rs
. 

He
 

al
so

 
st

at
ed

 
th

at
 

th
ey

 
pr

ef
er

 
an
 
en

vi
ro

nm
en

t 
in
 
wh

ic
h 

th
e 

bo
tt

om
 
te

mp
er

at
ur

es
 
ar
e 

co
ld
 
an
d 

th
e 

wa
te

rs
 

ar
e 

of
 

no
rm
al
 

ma
ri

ne
 

sa
li
ni
ty

 
(3

3 
to

 
37
°/
oo
).
 

In
 
th

is
 
ec

ol
og

ic
al

 
re

vi
ew

, 
it
 
ha
s 

be
co

me
 
ap
pa

re
nt

 
th

at
 
Ch

il
os

to
me

ll
a 

oo
li

na
 
is
 
a 

wi
de
ly
 

di
st

ri
bu

te
d 

sp
ec
ie
s 

g
e
o
g
r
a
p
h
i
c
a
l
l
y
w
h
i
c
h
m
o
s
t
 

of
te

n 
co

mp
ri

se
s 

a 
lo
w 

pe
rc

en
ta

ge
 
of
 
th
e 

fa
un
al
 

as
se
mb
la
ge
. 

Th
e

CO



ta
xo
n 

is
 

fo
un
d 

be
tw

ee
n 

15
0 

an
d 

33
25
 
me

te
rs

 
in

 
th
e 

Pa
ci

fi
c,

 
bu
t 

is
 
ob

ta
in

ed
 
mo
re
 
co
mm
on
ly
 
at
 
a 

de
pt
h 

of
 

ap
pr

ox
im

at
el

y 
45
0 

to
 

20
00

 
me

te
rs

. 
Th
is
 

ba
th

ym
et

ri
c 

ra
ng

e 
wo

ul
d 

fa
ll
 

wi
th
in
 
In
gl
e'
s 

(1
98
0)
 
de
fi
ni
ti
on
 
fo
r 

th
e 

up
pe

r-
 

an
d 

lo
we

r-
 

mi
dd

le
 

ba
th
ya
l 

bi
of
ac
ie
s 

of
 
th
e 

Ca
li
fo
rn
ia
 
bo

rd
er

la
nd

. 
It
 

is
 
po

ss
ib

le
 
th

at
 
th
e 

no
te

d 
oc

cu
rr

en
ce

s 
of
 

th
is
 

sp
ec
ie
s 

at
 

co
ns

id
er

ab
ly

 
gr

ea
te

r 
de

pt
hs

 
in
 
th
e 

Al
as
ka
n,
 
Mo
nt
er
ey
 
Ba
y 

an
d 

so
ut

he
rn

mo
st

 
Ba

ja
 
Ca

li
fo

rn
ia

n 
re
gi
on
s 

ma
y 

be
 

a 
re

su
lt

 
of

 
do

wn
sl

op
e 

di
sp

la
ce

me
nt

 
by

 
tu
rb
id
it
y 

cu
rr
en
ts
.

Di
st

ri
bu

t 
io

n

Ch
il
os
to
me
ll
a 

oo
li
na
 
oc

cu
rs

 
in

 
lo
w 

ab
un

da
nc

e 
in

 
bo

th
 
th
e 

mu
d 

a
n
d
s
a
n
d
i
n
t
e
r
v
a
l
s
.
 

It
 

wa
s 

re
co

ve
re

d 
in
 
th

e 
mu
d 

la
ye
rs
 

be
tw
ee
n 

th
e 

de
pt

hs
 
of

 
40

 
cm

 
an
d 

th
e 

lo
we
rm
os
t 

sa
mp
le
 

at
 

46
9.

5 
cm
 

an
d 

co
mp

ri
se

s 
le

ss
 
th
an
 
1%
 
of

 
th

e 
as

se
mb

la
ge

 
wh
en
 

pr
es

en
t.

 
In

 
th
e 

sa
nd
s,
 
th
e 

ta
xo
n 

wa
s 

ob
ta
in
ed
 

be
tw
ee
n 

th
e 

de
pt
hs
 

of
 

46
 
an

d 
41

4.
5 

cm
 
do

wn
co

re
, 

co
ns

ti
tu

ti
ng

 
fr

om
 
le

ss
 

th
an

 
1 

to
 
1.

4%
 
of
 
th
e 

fa
un
a.

Ch
il

os
to

me
ll

a 
ov
oi
de
a 

Re
us

s
Pl

at
e 

21
, 

fi
gu
re
 
5

Ch
il
os
to
me
ll
a 

ov
oi
de
a 

Re
us

s;
 

Re
us

s,
 
18
50
, 

p.
 
38
0,
 

pi
. 

48
, 

f
i
g
.
I
T
;
C
u
s
h
m
a
n
,
 

19
26
a,
 

p.
 
74
, 

pi
. 

11
, 

fi
g.
 
1;

 
Uc

hi
o,

 
19

60
, 

pi
. 

10
, 

fi
gs
. 

18
-2
1;
 

Ba
rk

er
, 

19
60
, 

p.
 

11
2,

 
pi

. 
55

, 
fi

gs
. 

15
-1

6,
 
19

-2
3;

 
Ph

le
ge

r,
 
19

64
, 

p.
 
38

3,
 
pi
. 

2,
 
fi

g.
 
34
; 

In
gl

e,
 
19
73
, 

p.
 
53
6,
 
55

3;
 
Ma

to
ba

 
an
d 

Ya
ma
gu
ch
i,
 

19
82
, 

p.
 

10
41
, 

pi
. 

4,
 
fi

g.
 
1.

La
go

e,
 
19

79
a,

 
R,

 
de

ep
, 

Ar
ct
ic
 
Oc
ea
n.

Ha
rm

an
, 

19
64

, 
R,

 
Sa
nt
a 

Ba
rb
ar
a 

Ba
si

n,
 
CA
.

Re
si

g,
 
19
58
, 

R,
 
Sa
nt
a 

Cr
uz
 
Ba

si
n,

 
CA

.
Cr

ou
ch

, 
19

52
, 

R,
 
11
 
de

ep
 
ba
si
ns
 
of

f 
so

ut
he

rn
 
CA

.
Za
le
sn
y,
 
19

59
, 

R,
 
li

vi
ng

 
& 

de
ad

, 
Sa
nt
a 

Mo
ni

ca
 
Ba

y,
 
CA

.
Ba

nd
y,

 
19

63
a,

 
R,

 
so
. 

CA
. 

co
nt

in
en

ta
l 

bo
rd
er
la
nd
.

Do
ug
la
s 

t 
He
it
ma
n,
 
19

79
, 

R,
 
so
. 

Ca
li
fo
rn
ia
 
bo
rd
er
la
nd
.

In
gl

e,
 
19

80
, 

Te
rt
ia
ry
, 

so
. 

CA
. 

co
nt
in
en
ta
l 

bo
rd
er
la
nd
.

Uc
hi

o,
 
19

60
, 

R,
 
li
vi
ng
 
& 

de
ad

, 
Sa

n 
Di
eg
o,
 
CA

.
Wa
lt
on
, 

19
55

, 
R,

 
To

do
s 

Sa
nt
os
 
Ba
y,
 
Ba

ja
 
CA
.,
 
Me

xi
co

.
Ba

nd
y,

 
19
61
, 

R,
 
Gu
lf
 
of

 
CA
.,
 
in
te
rt
id
al
-1
00
0+
 
fa

th
om

s.
Th
is
 
sp

ec
ie

s 
wa

s 
fo

un
d 

to
 
be
 
a 

no
n-

do
mi

na
nt

 
me
mb
er
 

of
 

th
e 

ou
te

r 
sh

el
f 

bi
of
ac
ie
s 

be
tw
ee
n 

th
e 

de
pt
hs
 
of
 
73
 
an
d 

15
2 

me
te
rs
, 

wi
th
 
wa

te
r 

te
mp

er
at

ur
es

 
be
tw
ee
n 

10
.0

 
an

d 
12

.5
*C

.

Ph
le
ge
r,
 
19
64
, 

li
vi

ng
, 

Gu
lf

 
of

 
Ca

li
fo

rn
ia

. 
Ma
to
ba
 
& 
Ya
ma
gu
ch
i,
 
19

82
, 

Pl
io

-H
ol

oc
en

e,
 
Gu

lf
 
of
 
CA

. 
In
gl
e,
 
Ke
ll
er
 
& 

Ko
lp

ac
k,

 
19

80
, 

R,
 
Pe
ru
-C
hi
le
 
Tr
en
ch
. 

Pa
rk
er
, 

19
48

, 
R,
 
co
nt
. 

sh
el
f,
 
Gu

lf
 
of

 
Ma

in
e-

Ma
ry

la
nd

. 
Cu

sh
ma

n,
 
19

14
, 

R,
 
Pa

ci
fi

c 
Oc

ea
n,

 
Pu

ll
en

ia
 
an
d 

ot
he

rs
. 

Sl
it

er
 
an

d 
Ba

ke
r,

 
19
72
, 

Cr
et

, 
be
nt
hi
c 

fo
ra
m 

pa
le
ob
at
hy
me
tr
y,

Di
st

ri
bu

ti
on

On
ly
 
tw

o 
in
di
vi
du
al
s 

of
 
th

is
 
sp

ec
ie

s 
we

re
 
re

co
ve

re
d 

in
 

th
e 

Mo
nt
er
ey
 

Fa
n 

le
ve

e 
de
po
si
ts
. 

On
e 

re
pr
es
en
ta
ti
ve
 
wa

s 
ob
ta
in
ed
 
in

 
th

e 
sa

nd
 
le

ns
 
lo
ca
te
d 

be
tw
ee
n 

17
1 

an
d 

17
3 

cm
, 

an
d 

th
e 

ot
he
r 

in
 
th
e 

sa
nd

 
le

ns
 
pr

es
en

t 
fr

om
 
24
8 

to
 
25
0 

cm
 

do
wn
co
re
.

Ch
il
os
to
me
ll
a 

sp
p.

Ch
il

os
to

me
ll

a 
sp
p.
 

Se
ve

ra
l 

cr
us
he
d 

an
d 

fr
ag

me
nt

ed
 

ov
oi

d 
t
e
s
t
s
,
d
i
s
p
l
a
y
i
n
g
 

tw
o 

ve
ry
 
in
vo
lu
te
 
ch
am
be
rs
 
pe
r 

sp
ec
im
en
, 

ar
e 

as
si
gn
ed
 
to

 
th

is
 
ge

nu
s.

 
Th

e 
wa

ll
s 

of
 
th
e 

sp
ec

im
en

s 
ar

e 
ve
ry
 
fi

ne
ly

 
pe

rf
or
at
e 

an
d 

th
e 

ap
er

tu
re

s 
ar

e 
us
ua
ll
y 

ob
sc

ur
ed

 
or

 
mi
ss
in
g 

du
e 

to
 
po
or
 
pr

es
er

va
ti

on
.

Wa
lt
on
, 

19
64

, 
R,
 
no

rt
he

rn
 
Gu

lf
 
of
 
Me

xi
co

. 
Mu

rr
ay

, 
19

73
, 

R,
 
ge
ne
ra
l 

ec
ol

og
y 

& 
di

st
ri

bu
ti

on
, 

Bo
lt
ov
sk
oy
 
& 
Wr
ig
ht
, 

19
76
, 

Re
ce
nt
 
Fo
ra
mi
ni
fe
ra
.

Di
st

ri
bu

ti
on

Ra
re

, 
fr

ag
me

nt
ed

 
re
pr
es
en
ta
ti
ve
s 

of
 
th
e 

ge
nu

s 
Ch

il
os

­ 
to
me
ll
a 

we
re
 
re
co
ve
re
d 

fr
om
 m
ud

 '
an

d 
sa

nd
 
in

te
rv

al
s 

in
ve
st
i­
 

ga
te

d 
in

 
th
is
 
st

ud
y.

 
In

 
al

l 
ca

se
s,

 
th

e 
sp

ec
im

en
s 

ac
co
un
t 

fo
r 

le
ss

 
th

an
 
1%
 
of

 
th
e 

fa
un

al
 
as
se
mb
la
ge
 
an
d 

we
re

 
ob
ta
in
ed
 

in
 
sa
mp
le
s 

ta
ke
n 

be
tw
ee
n 

th
e 

de
pt

hs
 
of
 
46
 
an
d 

43
2.

5 
cm

 
do

wn
- 

co
re

.



Ch
il
os
to
me
l1
in
a 

f 
im
br
ia
ta
 
Cu
sh
ma
n 

 
 
 
 
 
 
pl
at
e 

21
, 

fi
gu

re
 

4
Ci

bi
ci

de
s 

lo
ba
tu
lu
s 

(W
al

ke
r 

an
d 

Ja
co

b)
 

Pl
at

e 
2
3
,
F
i
g
u
r
e
s
 
4,
 

6

C
h
i
l
o
s
t
o
m
e
l
l
i
n
a
 
fi

mb
ri

at
a 

Cu
sh
ma
n;
 

Cu
sh

ma
n,

 
19

26
a,

 
p.
 

78
- 

79
, 

pi
. 

11
, 

fi
g.

 
22
; 

Cu
sh
ma
n,
 
19
27
a,
 
p.
 
17
0,
 
pi

. 
6,
 
fi

g.
 

9-
 

Lo
eb

li
ch

 
an
d 

Ta
pp

an
, 

19
53
, 

p.
 
93
-9
4,
 
pi
. 

17
, 

fi
g.

 
3.

Ch
il
os
to
me
ll
in
a 

fi
mb
ri
at
a 

Cu
sh
ma
n 

oc
cu
rs
 
ra

th
er

 
sp
or
ad
­ 

ic
3 
l
l
y
i
n
D
O
t
T
r
T
h
T
~
A
r
c
t
i
c
 
Oc
ea
n 

an
d 

th
e 

ea
st

er
n 

Pa
ci
fi
c 

fr
om

 
th

e 
no

rt
he

rn
 
bo
re
al
 
wa
te
rs
 
to

 
Sa
n 

Di
eg

o.
 

It
 

wa
s 

re
co
ve
re
d 

fr
om

 
th

re
e 

mi
le
s 

of
fs
ho
re
 
Po

in
t 

Ba
rr
ow
, 

Al
as

ka
 
in

 
th
e 

Ar
ct

ic
 

Oc
ea
n 

at
 
a 

de
pt
h 

of
 
37
 
me

te
rs

 
(L

oe
bl

ic
h 

an
d 

Ta
pp

an
, 

19
53
).
 

Th
e 

ta
xo
n 

wa
s 

al
so

 
ob

ta
in

ed
 
at
 
tw
o 

lo
ca
li
ti
es
 
in

 
th
e 

Be
ri

ng
 

Se
a 

fr
om

 
th

e 
hi
gh
ly
 
va
ri
ab
le
 
de
pt
hs
 
of

 
50
5 

an
d 

25
62

 
me
te
rs
 

by
 

a 
cr

ui
se

 
of

 
th

e 
U.
S.
 
Bu
re
au
 
of
 
Fi

sh
er

ie
s 

st
ea
me
r 

Al
ba

­ 
tr
os
s 

(C
us

hm
an

, 
19

26
a,

 
19
27
; 

Lo
eb
li
ch
 
an
d 

Ta
pp
an
, 

1
9
5
3
T
7
 
 

An
 
ex

pe
di

ti
on

 
by
 
th
e 

U.
S.
 

Co
as

t 
an

d 
Ge

od
et

ic
 

Su
rv
ey
 

sh
ip

 
Gu
id
e 

di
sc

ov
er

ed
 

Ch
il
os
to
me
ll
in
a 

fi
mb
ri
at
a 

in
 
re

ce
nt

 
se
di
me
nt
s 

to
 
th
e 

so
ut
h 

of
f 

Or
eg

on
 
in

 
41
5 

an
d 

10
86
 
me
te
rs
 

of
 

wa
te
r 

an
d 

in
 

th
e 

vi
ci
ni
ty
 
of

 
Sa
n 

Di
eg

o 
at
 
a 

de
pt
h 

of
 
72

4 
me
te
rs
 
(C

us
hm

an
, 

19
27

a;
 

Lo
eb

li
ch

 
an
d 

Ta
pp
an
, 

19
53
).
 

In
 

ad
di

ti
on

, 
th

e 
sp

ec
ie

s 
wa
s 

re
co

ve
re

d 
ne
ar
 
Mo

nt
er

ey
 
Ba
y 

in
 

wa
te

rs
 
13
46
 
an

d 
14

94
 
me

te
rs

 
de
ep
 
by
 
th

e 
U.
S.
 
Co
as
t 

an
d 

Ge
o­

 
de
ti
c 

Su
rv

ey
 
sh
ip
 
Di
sc
ov
er
er
 
(C
us
hm
an
, 

19
27

a?
 

Lo
eb

li
ch

 
an

d 
Ta
pp
an
, 

19
53

).
Ch

il
os

to
me

ll
in

a 
fi
mb
ri
at
a 

is
 
an

 
in

fr
eq

ue
nt

 
co

ns
ti

tu
en

t 
of

 
b
e
n
t
h
o
n
i
c
f
o
r
a
m
i
n
i
f
e
r
a
l
 
as

se
mb

la
ge

s 
in

 
th

e 
Ar
ct
ic
 
Oc
ea
n 

an
d 

ea
st
er
n 

No
rt
h 

Pa
ci
fi
c.
 

Ba
se
d 

up
on

 
a 

li
mi

te
d 

am
ou
nt
 

of
 

da
ta
, 

it
 

ap
pe

ar
s 

th
at

 
th
e 

sp
ec
ie
s 

is
 
re
st
ri
ct
ed
 
to

 
th
e 

co
ld

er
 
wa

te
rs

 
wh

ic
h 

fl
ow

 
al

on
g 

th
e 

No
rt

h 
Am

er
ic

an
 

co
as
t 

as
 

fa
r 

so
ut

h 
as

 
Sa
n 

Di
eg

o 
(C
us
hm
an
, 

19
27

).
 

Ba
th
ym
et
ri
ca
ll
y,
 

th
e 

ta
xo

n 
ra
ng
es
 
fr
om
 
a 

de
pt
h 

of
 
37

 
to
 
25

62
 
me

te
rs

, 
bu
t 

is
 

mo
st

 
co

mm
on

ly
 

as
so
ci
at
ed
 

wi
th
 
In

gl
e'
s 

(1
98
0)
 
up
pe
r 

mi
dd
le
 

ba
th

ya
l 

zo
ne
 
be

tw
ee

n 
ap
pr
ox
im
at
el
y 

50
0 

an
d 

15
00
 
me
te
rs
.

D
i
s
t
r
i
b
u
t
i
o
n

In
di
vi
du
al
s 

of
 
Ch
il
os
to
me
ll
in
a 

fi
mb

ri
at

a 
ac
co
un
t 

fo
r 

le
ss
 
th
an
 
1 

to
 
a 

ma
xi

mu
m 

of
 
2.

0%
 
of
 
th

e 
fa
un
al
 
as

se
mb

la
ge

 
in

 
fi

ve
 
sa
nd
 
in

te
rv

al
s 

be
tw
ee
n 

th
e 

de
pt
hs
 
of
 
17
1 

an
d 

41
4.
5 

cm
 

do
wn

co
re

.

Na
ut
il
us
 
sp

ir
al

 i
s 

lo
ba

tu
s 

an
fr

ac
ti

bu
s 

su
pr
ar
ot
un
da
ti
s 

su
bt

us
 

de
pr
es
TT
or
ib
us
 
Wa

lk
er

 
an
d 
B
o
y
s
;
W
a
l
k
e
r
 
an

d 
B
o
y
s
,
1
7
8
4
.
 

Na
ut

il
us

 
lo
ba
Tu
lu
s 

Wa
lk
er
 

an
d 

Ja
co

b;
 

Wa
lk

er
 

an
d 

Ja
co

b,
 

17
98

, 
p.
 
64

2,
 
pi

. 
14

, 
fi

g.
 
36

. 
Se
rp
ul
a 

lo
ba

ta
 
Mo

nt
ag

u;
 

Mo
nt
ag
u,
 
18
03
, 

p.
 
51

5.
 

Tr
un

ca
tu

li
na

 
lo

ba
tu

la
 
(W
al
ke
r 

an
d 

Ja
co

b)
; 

Cu
sh
ma
n,
 
19
15
, 

p.
 

31
-3
3,
 
pi
. 

15
, 

fi
g.

 
1,
 
t.

f.
 
34

.
Ci

bi
ci

de
s 

lo
ba
tu
lu
s 

(W
al
ke
r 

an
d 

Ja
co

b)
; 

Ga
ll

ow
ay

 
an

d 
Wi
ss
le
r,
 
19
27
, 

p.
 
64
-6
5,
 
pi
. 

11
, 

fi
g.

 
1;
 
Ph

le
ge

r,
 
Pa
rk
er
 
an

d 
Pe

ir
so

n,
 
19
53
, 

p.
 
49
, 

pi
. 

11
, 

fi
gs

. 
9,

 
14
; 

To
dd

 
an

d 
Br

on
- 

ni
ma
nn
, 

19
57

, 
p.
 
41
, 

pi
. 

12
, 

fi
g.

 
11

; 
Ba
rk
er
, 

19
60
, 

p.
 
19

0,
 

pi
. 

92
, 

fi
g.
 
10
, 

an
d 

pi
. 

93
, 

fi
gs

. 
1,
 
4-
5;
 
In

gl
e,

 
19

73
, 

p.
 

56
2,
 

56
3;

 
Wa
gn
er

, 
19
78
, 

p.
 
20

5-
20

6,
 
pi

. 
4,

 
fi

g.
 
5;
 

Sl
oa
n,
 

19
81

, 
p.
 
29

4;
 

To
dd

 
an
d 

Lo
w,
 
19

81
, 

p.
 
42

-4
3,

 
fi

g.
 
13
0.
 

Ci
bi

ci
de

s 
lo
ba
tu
s 

(d
'O
rb
ig
ny
);
 

Ba
nd

y,
 
19

53
a,

 
p.
 

17
6,
 

pi
. 

24
, 

fi
g.

 
3.

Gr
ee

n 
(?

),
 
I9
60
, 

R,
 
ce

nt
ra

l 
Ar
ct
ic
 
Ba

si
n.

Re
fe

rr
ed

 
to
 
by

 
th
e 

au
th
or
 
as
 

Ci
bi

ci
de

s 
lo

ba
tu

s,
 

th
is

 
ta

xo
n 

wa
s 

re
co

ve
re

d 
in
 
th
e 

re
ce

nt
 
ar
ct
ic
 
de
po
si
ts
 
of

 
th

is
 
st

ud
y.

Ph
le

ge
r,

 
19

51
a,

 
R,
 
Ca

na
di

an
 
an

d 
Gr

ee
nl

an
d 

Ar
ct

ic
.

Th
e 

sp
ec
ie
s 

wa
s 

fo
un
d 

to
 
be

 
ab

un
da

nt
 
an
d 

wi
de
sp
re
ad
 

in
 

th
e 

re
ce

nt
 
ar
ct
ic
 
de

po
si

ts
 
st

ud
ie

d.
 

In
 
Ba
ff
in
 
Ba

y,
 
th
e 

ta
xo
n 

ap
pe
ar
ed
 
to

 
be
 
".

..
ge

ne
ra

ll
y 

in
di

ca
ti

ve
 
of

 
wa
te
r 

de
pt

hs
 

le
ss

 
th

an
 

ab
ou

t 
25
0 

m.
..

".
 

Ph
le

ge
r 

co
nc
lu
de
d 

th
at

 
Ci

bi
ci

de
s 

lo
ba

tu
lu

s 
".

..
is

 
a 

ve
ry
 

wi
de
sp
re
ad
 

a
t
t
a
c
h
e
3
f
o
r
m
,
 

pr
ob

ab
ly

 
ch

ar
ac

te
ri

st
ic

 
of

 
sh
al
lo
w 

wa
te
r.
..
"

Ph
le
ge
r,
 
19
52
, 

R,
 
Ca

na
di

an
 
an

d 
Gr
ee
nl
an
d 

Ar
ct

ic
.

Th
is
 
sp
ec
ie
s 

wa
s 

fo
un

d 
to
 
be

 
on

e 
of

 
th
e 

ei
gh
t 

do
mi
na
nt
 

me
mb
er
s 

of
 
th
is
 
ar

ct
ic

 
fa
un
a 

wh
ic

h 
wa

s 
es
se
nt
ia
ll
y 

un
i­
 

fo
rm
ly
 
di
st
ri
bu
te
d 

th
ro

ug
ho

ut
 
th
e 

st
ud
y 

ar
ea

.
Su
sa
n 

Co
op

er
, 

19
64

, 
R,
 
Ch
uk
ch
i 

S^
a,
 
Al

as
ka

.
Th
is
 
sp
ec
ie
s 

wa
s 

a 
no

n-
do

mi
na

nt
 
ta

xo
n 

co
ll
ec
te
d 

be
tw
ee
n 

th
e 

st
ud

y'
s 

li
mi
ts
 

of
 
6 
an
d 

61
 
me
te
rs
. 

It
 
wa
s 

fo
un
d 

as
so

ci
at

ed
 
pr

im
ar

il
y 

wi
th

 
th
e 

co
ar

se
 
se
di
me
nt
s.

Sm
it

h,
 
19

63
b,

 
Pl

ei
s 

C. 
R,

 
Gu
lf
 
of

 
Al

as
ka

.
Th
is
 
sp
ec
ie
s 

wa
s 

fo
un
d 

in
 
th
e 

sh
el

f 
sa
mp
le
s 

be
tw

ee
n 

th
e 

de
pt

hs
 

of
 

11
7 

an
d 

24
0 

me
te

rs
. 

Li
vi

ng
 
in
di
vi
du
al
s 

co
mp

ri
se

d 
2%

 
of

 
th

e 
fa
un
a 

at
 
11
7 

me
te

rs
 
an

d 
1%
 

of
 

th
e 

as
se

mb
la

ge
 
at
 
24
0 

me
te

rs
, 

wh
il

e 
de

ad
 
sp
ec
im
en
s 

ma
de
 
up

 
<1
% 

of
 
th
e 

as
se

mb
la

ge
 

at
 

bo
th
 

24
0 

me
te

rs
 

an
d 

th
e 

ba
th
ya
l 

sa
mp
le
 
re
co
ve
re
d 

in
 
81
0 

me
te

rs
 
of
 
wa

te
r.

To
dd
 
& 

Lo
w,
 
19

67
, 

R,
 
Gu

lf
 
of
 
Al

as
ka

 
& 

SE
 
Al
as
ka
.

To
dd

 
an
d 

Lo
w 

fo
un
d 

Ci
bi
ci
de
s 

lo
ba
tu
lu
s 

to
 

oc
cu
r

Ol



co
mm
on
ly
 

in
 

th
ei

r 
Pa
mp
lo
na
 
Se

ar
id

ge
 
sa
mp
le
s 

ta
ke
n 

at
 

th
e 

de
pt
hs
 
of

 
15

5,
 
17
4,
 
18

3,
 
an

d 
be
tw
ee
n 

24
3 

an
d 

27
1 

me
te

rs
 

in
 

th
e 

Gu
lf

 
of

 
Al
as
ka
. 

In
 
ad
di
ti
on
, 

it
 
wa
s 

ob
ta
in
ed
 
on
ly
 
ra
re
ly
 
in

 
th
is
 
ar
ea
 
at
 

a 
de

pt
h 

of
 

37
5 

me
te
rs
. 

Th
e 

ta
xo
n 

wa
s 

re
co
ve
re
d 

at
 
fi
ve
 
lo
ca
li
ti
es
 
in
 

so
ut

he
as

te
rn

 
Al
as
ka
 
as
 
we
ll
. 

It
 
oc
cu
rr
ed
 
ra
re
ly
 
in
 
th

e 
Cl

ar
en

ce
 

St
ra

it
 

at
 

a 
de

pt
h 

of
 
39

3 
me
te
rs
 
an

d 
in
 
Ly
nn
 

Ca
na

l 
at
 
19
 
me

te
rs

, 
an

d 
wa

s 
fo

un
d 

co
mm

on
ly

 
in

 
se
di
me
nt
s 

ta
ke
n 

fr
om

 
Ta
ku
 

Ha
rb

or
 
at
 
a 

de
pt
h 

of
 
21
 
me

te
rs

. 
Th
e 

sp
ec

ie
s 

wa
s 

al
so
 
ab

un
da

nt
 
in

 
Ka
sa
an
 
Ba
y 

be
tw
ee
n 

86
 

an
d 

10
4 

me
te

rs
, 

in
 
th

e 
Ex

cu
rs

io
n 

In
le

t 
re

gi
on

 
at
 
a 

de
pt
h 

of
 

45
.7
 
me
te
rs
 
an

d 
in

 
Ga
mb
ie
r 

Ba
y 

at
 

18
 

me
te

rs
. 

Th
e 

au
th
or
s 

re
fe
rr
ed
 

to
 
Ci

bi
ci

de
s 

lo
ba
tu
lu
s 

as
 
an
 
"a

lm
os

t 
co

sm
op

ol
it

an
 
sp

ec
ie

s"
 
an
d 

fo
un

d 
a 

wi
de

 
ra

ng
e 

of
 
mo

rp
ho

" 
lo
gi
ca
l 

va
ri
at
io
ns
 

in
 
it

s 
te
st
s.
 

Be
ca
us
e 

of
 
pr

ev
io

us
 

fi
el

d 
ex
pe
ri
en
ce
 
an

d 
Ny

ho
lm

's
 

(1
96
1)
 

cu
lt

ur
e 

st
ud
ie
s 

in
vo
lv
in
g 

th
is

 
sp
ec
ie
s,
 
To
dd
 
an

d 
Lo

w 
co

nc
lu

de
d 

th
at
 
th

e 
va
ri
ab
il
it
y 

wa
s 

wi
th
in
 
th
e 

ex
pe
ct
ed
 
ra
ng
e.
 

Th
e 

au
th
or
s 

al
so

 
no
te
d 

th
at
 
th
ey
 
co
ns
id
er
ed
 
Dy

oc
ib

ic
id

es
 
bi

se
ri

al
is

 
to

 
be

 
a 

(s
pr

ea
di

ng
) 

gr
ow

th
 

st
ag
e 

of
 
C
i
b
i
c
i
d
e
s
l
o
b
a
­
 

tu
lu

s.
Be
rg
en
 
& 

O'
Ne

il
, 

19
79
, 

R,
 
Gu
lf
 
of

 
Al

as
ka

.
Th

is
 
sp
ec
ie
s 

wa
s 

fo
un

d 
in

 
ne

ri
ti
c 

an
d 

ba
th
ya
l 

de
po
si
ts
 

in
 
th

e 
Gu
lf
 
of
 
Al
as
ka
. 

Es
pe
ci
al
ly
 
ab
un
da
nt
 
in

 
th
e 

mi
d­

 
dl
e 

an
d 

ou
te
r 

ne
ri

ti
c 

zo
ne

s,
 

Ci
bi
ci
de
s 

lo
ba
tu
lu
s 

de
cr
ea
se
d 

si
gn
if
ic
an
tl
y 

in
 

fr
eq
ue
nc
y 

ab
un
da
nc
e 

be
lo

w 
th

e 
ou
te
r 

ne
ri
ti
c 

bo
un
da
ry
 

of
 

19
0 

me
te

rs
. 

Pr
es
en
t 

be
tw
ee
n 

th
e 

de
pt

hs
 

of
 
18

 
an
d 

17
90

 
me

te
rs

, 
th

is
 
ta
xo
n 

co
mp
ri

se
d 

20
, 

24
 
an
d 

26
% 

of
 
th
e 

fa
un

al
 

as
se

mb
la

ge
s 

at
 

th
e 

de
pt
hs
 

of
 
14
6,
 
13
5,
 
an
d 

15
4 

me
te

rs
, 

re
sp

ec
ti

ve
ly

. 
In

 
co
nt
ra
st
, 

it
 
on
ly
 
ac
co
un
te
d 

fo
r 

<1
, 

1,
 
3,
 
an
d 

4%
 

of
 

th
e 

ba
th
ya
l 

fa
un
as
, 

wi
th

 
th
e 

hi
gh
er
 
pe

rc
en

ta
ge

s 
oc
cu
r­
 

ri
ng
 
at

 
23
2 

an
d 

40
9 

me
te
rs
. 

Be
rg
en
 

an
d 

O'
Ne
il
 

co
n­

 
si
de
re
d 

it
 

to
 
be

 
a 

st
en

ot
he

rm
al

 
sp

ec
ie

s,
 
st
at
in
g 

th
at
 

it
s 

di
st

ri
bu

ti
on

 
wa

s 
st
ro
ng
ly
 
in
fl
ue
nc
ed
 
by
 
te
mp
er
at
ur
e 

be
ca

us
e 

it
 
di
sp
la
ye
d 

a 
sh
al
lo
we
r 

ab
un
da
nt
 
oc

cu
rr

en
ce

 
in

 
th

e 
Gu
lf
 
of

 
Al
as
ka
 
th
an
 
of
f 

Ca
li

fo
rn

ia
.

Sm
it

h,
 
19
73
, 

Pl
ei
s?
 
& 
Ho
lo
ce
ne
, 

No
rt

h 
Pa
ci
fi
c 

Oc
ea

n.
Ci
bi
ci

de
s 

lo
ba
tu
lu
s 

wa
s 

co
ll

ec
te

d 
in

 
a 

si
ng
le
 

sa
mp

le
 

f
r
o
m
t
h
e
 

Al
eu
ti
an
 

Te
rr
ac
e 

at
 
a 
de
pt
h 

of
 
12
1 

me
te
rs
. 

Th
e 

ta
xo
n 

co
mp
ri
se
d 

6%
 
of
 
th
e 

fa
un
al
 
as

se
mb

la
ge

 
in

 
th

is
 

c
o
r
e
-
t
o
p
 
sa

mp
le

.
Cu

sh
ma

n 
& 

To
dd
, 

19
47

b,
 
Pl

io
? 

Pl
ei

s?
, 

Am
ch

it
ka

 
Is

.,
 
AK

.
Q
u
a
r
r
y
 
sa
mp
le
s 

co
nt
ai
ne
d 

in
di

vi
du

al
s 

of
 

th
is
 

ta
xo
n 

wh
ic

h 
Cu

sh
ma

n 
an
d 

To
dd

 
de

te
rm

in
ed

 
we
re
 
me

mb
er

s 
of

 
a 

de
ci
de
dl
y 

co
ld
 

wa
te

r 
fa
un
a,
 

".
..
no
t 

by
 

an
y 

me
an
s 

ar
ct
ic

..
.T
hi
s 

sp
ec

ie
s 

is
 
wi
de
ly
 
re
co
rd
ed
 
st
ra
ti
gr
ap
hi
- 

ca
ll
y 

th
ro
ug
ho
ut
 
th

e 
Te
rt
ia
ry
 
an
d 

is
 
ab
un
da
nt
 

in
 

ma
ny
 

lo
ca
li
ti
es
 

in
 
th
e 

pr
es

en
t 

oc
ea
ns
, 

mo
re
 
wi
de
ly
 
kn

ow
n 

in
 

th
e 

co
ld

er
 
wa
te
rs
."

Co
ck

ba
in

, 
19
63
, 

R,
 
Ju
an
 
de
 
Fu
ca
 
t 
Ge
or
gi
a 

St
s.
, 

B.
C.

Ci
bi
ci
de
s 

lo
ba

tu
lu

s 
wa
s 

on
e 

of
 
th

e 
mo
st
 
co

mm
on

ly
 

fo
un

d 
s
p
e
c
i
e
s
i
n
t
h
i
s
s
t
u
d
y
 

an
d 

wa
s 

re
co
ve
re
d 

be
tw
ee
n 

th
e 

de
pt

hs
 
of

 
16
 
an
d 

28
7 

me
te

rs
.

Cu
sh
ma
n 

fc 
To
dd
, 

19
47
a,
 
R,
 
sh

al
lo

w 
wa
te
r,
 
co
as
t 

of
 
WA
.

Th
is
 
ta

xo
n 

wa
s 

on
e 

of
 
si

x 
wh
ic
h 

co
mp

ri
se

d 
th
e 

bu
lk

 
of
 

th
e 

as
se

mb
la

ge
s 

".
..

co
ll

ec
te

d 
fr

om
 
th
e 

sh
al

lo
w 

wa
te
rs
 

su
rr

ou
nd

in
g 

th
e 

is
la

nd
s 

an
d 

of
f 

th
e 

Wa
sh
in
gt
on
 

co
as

t.
..

Th
is

 
va
ri
ab
le
 

sp
ec

ie
s 

ha
s 

a 
ve
ry
 
wi

de
 
ra
ng
e,
 

bo
th
 
li

vi
ng

 
an
d 

fo
ss

il
."

 
Re

po
rt

ed
 
fr

om
 

ma
ny

 
st
at
io
ns
 

in
 
th
is
 
st
ud
y,
 

it
 
oc
cu
rr
ed
 
be
tw
ee
n 

th
e 

de
pt

hs
 
of
 
18
 
an

d 
45
 
me
te
rs
.

Co
op
er
 
(?

),
 
19
61
, 

R,
 
in

te
rt

id
al

, 
CA

. 
fc 
Or

eg
on

 
co

as
t.

Li
st
ed
 
un

de
r 

th
e 

sp
ec

ie
s 

Ci
bi

ci
de

s 
lo

ba
tu

s,
 

Co
op
er
 

fo
un

d 
th

is
 
ta
xo
n 

to
 
be
 
a 

me
mb
er
 
of

 
hi

s 
in

te
rt

id
al

 
fa
u­
 

na
l 

as
se

mb
la

ge
 
fo

un
d 

al
on

g 
th
e 

Ca
li

fo
rn

ia
 

an
d 

Or
eg
on
 

co
as

ts
.

Ba
nd
y 

(?
),

 
19

50
, 

Eo
ce
ne
, 

Pl
io

-P
le

is
, 

Ca
pe
 
Bl

an
co

, 
Or

eg
on

.
Re
fe
rr
ed
 
to
 
as
 
Ci

bi
ci

de
s 

lo
ba
tu
s,
 
Ba
nd
y 

fo
un
d 

th
e 

ta
xo

n 
co
mp
ri
si
ng
 

1%
 
of
 
th
e 

mi
dd
le
 
or
 
up
pe
r 

Pl
io
ce
ne
 
de
po
si
ts
 

of
 
th
e 

Po
rt
 
Or

fo
rd

 
Fo

rm
at

io
n.

 
Th

e 
au
th
or
 

fo
un
d 

th
e 

sp
ec
ie
s 

as
so
ci
at
ed
 

wi
th

 
Bu

li
mi

ne
ll

a 
el
eg
an
ti
ss
im
a,
 

Ep
on
id
es
 
[B

uc
ce

ll
a]

 
fr

ig
Id

a 
an
d 

No
ni

on
el

la
 
mi

oc
en

ic
a 

in
 

t
h
e
s
e
s
e
d
i
m
e
n
t
s
w
h
i
c
h
 

he
 

fe
lt
 
ha
d 

be
en
 
de
po
si
te
d 

in
 

sh
al
lo
w 

an
d 

co
ol

 
wa

te
rs

. 
Ci

bi
ci

de
s 

lo
ba
tu
s 

wa
s 

al
so

 
re
co
ve
re
d 

in
 
th
e 

Pl
ei
st
oc
en
e 

de
po
si
ts
 
of

 
th

e 
El

k 
Ri
ve
r 

Fo
rm
at
io
n,
 
wh

er
e 

it
 
wa

s 
a 

ra
re
 

me
mb
er
 

of
 

th
e 

El
ph
i-
 

di
el
la
 

zo
ne
 

an
d 

co
ns
ti
tu
te
d 

10
% 

of
 
th

e 
Ro

ta
li

a 
[B

uc
- 

ce
ll

a]
 
te

ne
rr

im
a 

zo
ne

. 
Ba

nd
y 

de
te
rm
in
ed
 
th

at
 
th
e 

fa
un
a 

o
l
T
h
e
 

fo
rm

er
 
zo

ne
 
wa
s 

in
di

ca
ti

ve
 
of

 
Na
tl
an
d'
s 

(1
93
3)
 

Zo
ne
 
II

, 
ch
ar
ac
te
ri
ze
d 

by
 
a 

de
pt

h 
ra
ng
in
g 

fr
om
 
4 

to
 

38
 

me
te
rs
 

an
d 

bo
tt
om
 

te
mp

er
at

ur
es

 
be

tw
ee

n 
13

.2
0 

an
d 

21
.4

3C
. 

Th
e 

au
th
or
 
al

so
 
co

nc
lu

de
d 

th
at
 
th
e 

la
tt
er
 
fa
u­
 

na
l 

zo
ne

 
ha

d 
be

en
 
de

po
si

te
d 

in
 
sh
al
lo
w 

an
d 

co
ol
 
wa

te
rs

.
La

nk
fo

rd
, 

19
62
, 

R,
 
tu
rb
ul
en
t 

zo
ne

, 
W.

 
co

as
ta

l 
N.

 
Am
er
ic
a.

In
 
a 

st
ud

y 
of

 
th
e 

ne
ar

sh
or

e 
tu

rb
ul

en
t 

zo
ne
 

be
tw
ee
n 

no
rt
he
rn
 

Wa
sh
in
gt
on
 
an
d 

th
e 

so
ut

he
rn

 
ex
te
ns
io
n 

of
 
Ba

ja
 

Ca
li

fo
rn

ia
, 

Me
xi

co
, 

La
nk
fo
rd
 
fo

un
d 

Ci
bi
ci
de
s 

lo
ba

tu
lu

s 
fr

om
 
th
e 

Un
it

ed
 
St
at
es
-C
an
ad
ia
n 

bo
rd
er
 
to
 
ap
pr
ox
im
at
el
y 

Po
in

t 
Co

nc
ep

ti
on

, 
Ca

li
fo

rn
ia

, 
an
d 

no
 
fu

rt
he

r 
so

ut
h.

 
In
 

th
is

 
re
gi
on
, 

th
e 

ta
xo

n 
wa
s 
.a

ss
oc

ia
te

d 
wi

th
 
La
nk
fo
rd
's
 

sh
al
lo
w 

Or
eg
on
ia
n 

fa
un

a,
 

wh
ic

h 
re
si
de
d 

be
tw

ee
n 

th
e 

sh
or

e 
an
d 

ap
pr
ox
im
at
el
y 

12
 
to

 
15
 
me

te
rs

 
wa

te
r 

de
pt

h,
 

".
..

on
 
ve
ry
 
tu
rb
ul
en
t 

an
d 

mo
bi
le
 

sa
nd

 
bo

tt
om

s.
" 

Th
e 

ot
he
r 

sp
ec
ie
s 

di
sp
la
yi
ng
 
ma

xi
mu

m 
pe

rc
en

ta
ge

 
ab

un
da

nc
es

 
un
de
r 

th
es

e 
co
nd
it
io
ns
 
in

cl
ud

ed
 
Bu
cc
el
la
 
te

ne
rr

im
a 

an
d 

Bu
li

mi
ne

ll
a 

el
eq

an
ti

ss
im

a.
Ha
nn
a 

fc 
Ch

ur
ch

, 
19
27
, 

R,
 
Sa

n 
Fr

an
ci

sc
o 

Ba
y,
 
CA

.
"T

hi
s 

hi
gh
ly
 
va

ri
ab

le
 
sp
ec
ie
s 

is
 
fo
un
d 

in
 

al
l 

oc
ea
ns
 

an
d 

is
 

us
ua

ll
y 

a 
sh

al
lo

w-
wa

te
r 

dw
el

le
r.

" 
Th

e 
ma

xi
mu

m 
de

pt
h 

of
 
th
e 

st
ud
y 

wa
s 

15
5 

me
te
rs
 

an
d 

th
e 

ta
xo

n 
wa
s 

fo
un

d 
to
 
be

 
a 

co
mm

on
 
co

ns
ti

tu
en

t 
of
 
th
e 

fa
un

a.
Ba

nd
y,

 
19

53
a 

(?
),

 
R,

 
Sa
n 

Fr
an

ci
sc

o 
to
 
Sa

n 
Di
eg
o,
 
CA
.

Re
fe
rr
ed
 
to
 
by
 
Ba
nd
y 

as
 
Ci

bi
ci

de
s 

lo
ba
tu
s,
 
th
is
 
sp
ec
ie
s 

wa
s 

li
st
ed
 
as

 
pr
es
en
t 

in
 
th
e 

st
ud
y 

ar
ea

.



Ha
ll

er
, 

I9
60

, 
Pl

io
, 

Hu
mb
ol
dt
 
Ba
si
n,
 
Ca
li
fo
rn
ia
.

De
fi

ne
d 

by
 
Ha

ll
er

 
as
 
a 

in
ne
r 

sh
el

f 
sp

ec
ie

s 
ch
ar
ac
te
ri
s­
 

ti
c 

of
 
de

pt
hs

 
be
tw
ee
n 

0 
an
d 

50
 
me
te
rs
, 

Ci
bi
ci
de
s 

lo
ba
- 

tu
lu
s 

wa
s 

re
co

ve
re

d 
ra
re
ly
 
in
 
th

e 
Pu
ll
en
 
an
d 

Ee
l 

Ri
ve
r 

Fo
rm

at
io

ns
, 

as
 

we
ll

 
as
 
in
 
th
e 

mi
dd
le
 
to
 
up

pe
r 

me
mb
er
s 

of
 
th

e 
Ri

o 
De
ll
 
Fo
rm
at
io
n,
 
as

 
ex

po
se
d 

in
 

hi
s 

Ce
nt

er
- 

vi
ll
e 

co
as
ta
l 

se
ct

io
n.

 
In

 
ad

di
ti
on
, 

Ha
ll
er
 
di
sc
ov
er
ed
 

th
e 

ta
xo
n 

oc
cu
rr
in
g 

ra
re
ly
 
in
 
th
e 

Ee
l 

Ri
ve

r 
Fo

rm
at

io
n 

an
d 

up
pe
r 

me
mb

er
 

of
 

th
e 

Ri
o 

De
ll
 
Fo
rm
at
io
n 

of
 
hi
s 

Sc
ot
ia

-E
el
 
Ri

ve
r 

se
ct

io
n.

Na
tl
an
d,
 
19

33
, 

R 
an
d 

Pi
co
 
Fm

.,
 
Sa

n 
Pe

dr
o 

& 
Ve
nt
ur
a,
 
CA

.
Na

tl
an

d 
re

po
rt

ed
 
co

ll
ec

ti
ng

 
Ci

bi
ci
de
s 

lo
ba

tu
lu

s 
in
 

th
e 

Sa
n 

Pe
dr

o 
Ch
an
ne
l,
 

fr
om
 

Sa
n 

Pe
dr

o 
to

 
Sa

nt
a 

Ca
ta
li
na
 

Is
la

nd
, 

be
tw
ee
n 

th
e 

de
pt

hs
 
of

 
58

 
an
d 

32
9 

me
te

rs
. 

.T
he
 

ta
xo
n 

wa
s 

no
t 

ob
ta
in
ed
 
in
 
th

e 
la
nd
-b
as
ed
 
Ha

ll
 
Ca
ny
on
 

se
ct

io
n 

st
ud
ie
d 

by
 
th
e 

au
th

or
 
ne
ar

 
Ve
nt
ur
a,
 
Ca

li
fo

rn
ia

.
Mc

Gl
as

so
n 

(?
),

 
19

59
, 

R,
 
li

vi
ng

 
& 

de
ad

, 
S.
 
Ca
ta
li
na
 
Is

.,
 
CA

. 
Re
fe
rr

ed
 
to

 
by
 
th
e 

au
th

or
 
as

 
Ci
bi
ci
de
s 

lo
ba

tu
s 

in
 

a 
st

ud
y 

of
 

th
e 

fo
ra

mi
ni

fe
rs

 
su
rr

ou
nd

in
g 

Sa
nt

a 
Ca

ta
li

na
 

Is
la
nd

 
be
tw
ee
n 

th
e 

sh
or

el
in

e 
an
d 

a 
de
pt
h 

of
 

>1
83
 

me
te

rs
, 

Mc
Gl
as
so
n 

fo
un

d 
bo
th
 
li
vi
ng
 
an
d 

de
ad
 
re
pr
es
en
­ 

ta
ti

ve
s 

of
 
th

e 
sp
ec
ie
s.

Za
le

sn
y 

(?
),

 
19

59
, 

R,
 
li

vi
ng

 
t 

de
ad

, 
Sa

nt
a 

Mo
ni
ca
 
Ba

y,
 
CA

.
Re

fe
rr

ed
 
to
 
by
 
th
e 

au
th

or
 
as
 
Ci

bi
ci
de
s 

lo
ba
tu
s,
 
Za

le
sn

y 
fo

un
d 

th
e 

ta
xo
n 

be
tw
ee
n 

th
e 

de
pt
hs
 
of

 
12
 
an
d 

40
8 

me
te
rs
 

in
 
th
e 

Sa
nt

a 
Mo

ni
ca

 
Ba

y.
 

Th
e 

sp
ec

ie
s 

co
mp
ri
se
d 

5%
 

of
 

th
e 

fa
un
a 

at
 
th

e 
de

pt
hs

 
of
 
23
 
an
d 

62
 
me

te
rs

 
an
d 

a 
ma
x­
 

im
um
 
of
 
6%

 
of
 
th

e 
as

se
mb

la
ge

 
at
 
th
e 

de
pt

h 
of

 
91

 
me

te
rs

.
Ba
gg
, 

19
12
, 

Pl
io
-P
le
is
 
(?

),
 
so
. 

CA
.,

 
Ti

mm
s 

Po
in
t*
.

In
 
th
is

 
ea
rl
y 

wo
rk
, 

Ba
gg
 
co

nc
lu

de
d 

fr
om

 
th
e 

pu
bl

is
he

d 
da
ta
 

th
at
 

Ci
bi

ci
de

s 
lo

ba
tu

lu
s 

wa
s 

ge
og

ra
ph

ic
al

ly
 

un
iv
er

sa
l 

in
 

i t
 s
d
i
s
t
r
i
b
u
t
i
o
n
 

an
d 

ba
th

ym
et

ri
ca

ll
y 

wi
de

-r
an

gi
ng

.
Ga
ll
ow
ay
 
& 
Wi

ss
le

r 
(?

),
 
19

27
, 

Pl
ei
s,
 
Pa

lo
s 

Ve
rd

es
, 

CA
.

Re
fe
rr

ed
 
to

 
by

 
th

e 
au

th
or

 
as
 
Ci

bi
ci
de
s 

lo
ba
tu
s,
 

Ga
ll
o­
 

wa
y 

an
d 

Wi
ss
le
r 

fo
un
d 

t
h
e
s
p
e
c
i
e
s
p
F
e
s
e
n
t
 

in
 

Pl
ei
st

oc
en

e-
ag

ed
 
qu

ar
ry

 
de
po
si
ts
 
in
 

so
ut
he
rn
 

Ca
li
fo
r­
 

ni
a.

 
Th

e 
au
th
or
s 

no
te
d 

th
at

 
th
e 

as
se
mb
la
ge
 
re

co
ve

re
d 

wa
s 

si
mi
la
r 

to
 
th
at
 
ob
ta
in
ed
 
in
 

Pl
ei
st
oc
en
e 

se
di

me
nt

s 
ne

ar
 

Sa
nt
a 

Ba
rb
ar
a 

an
d 

in
cl
ud
ed
 
Bo

li
vi

na
 
sp
is
sa
, 

Ci
bi
­ 

ci
de

s 
mc
ka
nn
ai
, 

Qu
in

qu
el

oc
ul

in
a 

ak
ne

ri
an

a.
"G

lo
bo

bu
li

m-
 

in
a 

pa
ci
f 

ic
Ta
, 

C
a
s
s
i
d
u
l
i
n
T
t
r
a
n
s
l
u
c
e
n
s
,
 

Tr
i 
fa
ri
na
 

hu
qh

es
i 

an
d 

Uv
ig
er
in
a 

pe
re

qr
in

a.
In

gl
e 

(
?
)
,
T
9
8
0
,
 
Te

rt
ia

ry
, 

so
. 

CA
. 

co
nt
in
en
ta
l 

bo
rd

er
la

nd
.

Re
fe

rr
ed
 
to
 
by

 
th
e 

au
th

or
 
as
 
Ci
bi

ci
de

s 
lo

ba
tu

s.
 

In
gl

e 
fo
un
d 

th
is

 
ta
xo
n 

to
 

be
 

ch
ar
ac

te
ri

st
ic

 
of

 
th

e 
in

ne
r 

sh
el

f 
bi
of
ac
ie
s 

be
tw
ee
n 

th
e 

de
pt

hs
 
of

 
0 
an
d 

50
 

me
te

rs
. 

Co
mm

on
ly

 
as
so
ci
at
ed
 

wi
th
 

th
e 

ta
xo
n 

in
 
th
is
 
bi
of
ac
ie
s 

we
re
 
th

es
e 

sp
ec
ie
s:
 

Bu
li
mi
ne
ll
a 

el
eq

an
ti

ss
im

a,
 

Bu
c-
 

ce
11

a 
fr
iq
id
a,
 

B.
 
te
ne
rr
im
a,
 
No
ni
on
el
la
 
mi

oc
en

ic
a,

 
N.

 
St

el
la
 
an

d 
Qu
in
qu
el
oc
ul
in
a 

ak
ne
ri
an
a.

B
r
e
n
n
e
r
,
T
5
6
2
,
 
R7

 
sh

al
lo

w,
 
Gu

lf
 
of
 
Ca
li
fo
rn
ia
.

Th
e 

ma
xi
mu
m 

de
pt

h 
of

 
sa
mp
le
s 

ta
ke

n 
in

 
th

is
 

st
ud

y 
wa
s 

79
.4
 

me
te
rs
 
in

 
th

e 
Gu

lf
 
of
 
Ca
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at
 

it
 

is
 

a 
fa

ir
ly

 
sh
al
lo
w 

wa
te

r 
in
di
ca
to
r 

in
 
th
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is
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re
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th
e 

be
nt
ho
ni
c 

fo
ra

mi
ni

fe
ra

l 
fa

un
a 

at
 
th

ei
r 

re
sp
ec
ti
ve
 
de

pt
hs

 
of
 
81
0,
 
24
0 

an
d 

23
0 

me
te

rs
. 

Sh
e 

al
so

 
no
te
d 

th
at

 
Ep
is
to
mi
ne
ll
a 

pa
ci

fi
ca

 
wa

s 
a 

ch
ar
ac
­ 

te
ri

st
ic

 
sh
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se
di
me
nt
s 

of
 

th
e 

Sa
nt
a 

Ba
rb

ar
a 

Ch
an

ne
l,

 
th
is
 

sp
ec

ie
s 

wa
s 

fo
un

d 
as
so
ci
at
ed
 

wi
th

 
th
e 

lo
we

r 
ne
ri
ti
c 

en
vi

ro
nm

en
t 

ra
ng

in
g 

be
tw
ee
n 

92
 

an
d 

18
3 

me
te
rs
 
(M
ar

ks
 
an
d 

ot
he
rs
, 

19
80
).

In
 
a 

st
ud

y 
of
 
li

vi
ng

 
an

d 
de

ad
 
fo
ra
mi
ni
fe
rs
 
of

 
th
e 

Sa
nt

a 
Mo

ni
ca

 
Ba

y,
 

Za
le
sn
y 

(1
95
9)
 

fo
un

d 
th
e 

ta
xo
n 

re
pr

es
en

te
d 

be
tw

ee
n 

th
e 

de
pt

hs
 
of
 

54
9 

an
d 

84
1 

me
te
rs
. 

Th
e 

sp
ec

ie
s 

co
mp
ri
se
d 

4%
 

of
 

th
e 

fa
un
a 

at
 
a 
de

pt
h 

of
 
54
9 

me
te
rs
 
an
d 

a 
ma
xi
mu
m 

of
 
6%

 
of

 
th
e 

as
se
mb
la
ge
 
in
 
69
5 

me
te

rs
 
of

 
wa

te
r.

 
Th

e 
au

th
or

 
al
so
 

di
sc
ov
er
ed
 

th
at
 

a 
su

bs
ta

nt
ia

l 
ch
an
ge
 
in
 
th

e 
fo

ra
mi

ni
fe

ra
l 

bi
ot

a 
oc

cu
rr

ed
 
in
 
th

e 
lo

we
r 

en
d 

of
 
th
e 

Re
do

nd
o 

su
bm

ar
in

e 
ca
ny
on
 

be
tw
ee
n 

th
e 

de
pt
hs
 
of
 
54
9 

an
d 

84
1 

me
te

rs
. 

Ep
is
to
mi
ne
ll
a 

pa
ci
fi
ca
, 

as
 
we

ll
 
as
 

E.
 

sm
it
hi
, 

Ca
ss
id
ul
in
a 

d
e
l
i
c
a
t
a
,
B
u
l
i
m
i
n
e
l
l
a
 

te
nu

at
a,

 
Va

Tv
ul

in
er

ia
 

ar
au

ca
na

 
an

d 
Bo

li
yi

nT
ta

 
mi
nu
ta
 
be
ca
me
 
th
e 

do
mi
na
ti
ng
 
ta
xa
. 

Be
tw
ee
n 

th
es

e 
de

pt
hs

, 
th

e 
te
mp
er
at
ur
e 

ra
ng

ed
 
be

tw
ee

n 
4.

9 
an

d 
5.

6*
C 
an
d 

th
e 

sa
ln

it
y 

ra
ng

ed
 

fr
om
 

34
.3

8 
to
 

34
.4
2°
/o
o.
 

Ep
is

to
mi

ne
ll

a 
pa

ci
fi

ca
 

ha
s 

ad
di

ti
on

al
ly

 
be

en
 
fo

un
d 

in
 
th

e 
wa
te
rs
 
be
tw
ee
n 

th
e 

ma
in

la
nd

 
at

 
Lo
ng
 
Be

ac
h 

an
d 

Sa
nt

a 
Ca
ta
li
na
 -

an
d 

Sa
nt

a 
Cr
uz
 

Is
la

nd
s 

(N
at
la
nd
, 

19
33

),
 

wh
er

e 
it
 
wa
s 

fo
un

d 
ab
un
da
nt
ly
 
in

 
Na
tl
an
d'
s 

Zo
ne
 
IV
 
fa
un
al
-z
on
e.
 

Th
e 

wa
te

rs
 
of
 
th

is
 
li
fe
-z
on
e 

we
re

 
ch
ar
ac
te
ri
ze
d 

by
 
a 

de
pt

h 
ra

ng
e 

of
 
27
4 

to
 
ap
pr
ox
im
at
el
y 

19
81
 
me
te
rs
 
an

d 
te
mp
er
at
ur
es
 
of

 
4.
0 

to
 

ap
pr
ox
im
at
el
y 

8.
5C
. 

Re
ce

nt
 

fo
rm

s 
of

 
th
e 

sp
ec
ie
s 

ar
e 

al
so
 
ra
re
ly
 
pr

es
en

t 
in
 
th
e 

de
ep

 
ba
si
ns
 
of
fs
ho
re
 
fr
om
 
Sa

nt
a 

Ba
rb

ar
a 

to
 
Sa

n 
Di

eg
o,

 
wh
er
e 

th
ey

 
ar
e 

as
si
gn
ed
 
to
 
Cr

ou
ch

's
 
(1
95
2)
 
bi

oz
on

e 
T4

. 
Th

is
 
zo
ne
 

ex
is

ts
 
be
tw
ee
n 

ap
pr
ox
im
at
el
y 

27
4 

an
d 

61
0 

me
te

rs
 
in

 
th

e 
op

en
 

oc
ea

n 
wi
th
 

a 
te

mp
er

at
ur

e 
ra

ng
e 

fr
om
 
ap
pr
ox
im
at
el
y 

5.
0 

to
 

8.
5C

 
(C
ro
uc
h,
 
19

52
).

 
Th
is
 
sa
me
 
st

ud
y 

al
so

 
di
sc
ov
er
ed
 

th
at
 

th
e 

ta
xo

n 
be
ca
me
 
ab

un
da

nt
 
in
 
th
e 

wa
te
rs
 
so
ut
h 

of
 
th
e 

bo
rd
er
.

In
gl
e,
 
Ke

ll
er

, 
an
d 

Ko
lp
ac
k 

(1
98
0)
 
ha
ve
 
al

so
 
no
te
d 

Ep
is

- 
tp

mi
ne

ll
a 

pa
ci

fi
ca

's
 

oc
cu

rr
en

ce
 

as
 
fa

r 
so

ut
h 

as
 
th
e 

Pe
ru

- 
Ch
il
e 

Tr
en

ch
 
re
gi
on
. 

Th
e 

sp
ec

ie
s 

wa
s 

fo
un
d 

in
 
on

ly
 
on

e 
sa

m­
 

pl
e,
 
at
 
a 

de
pt
h 

of
 
19

0 
me

te
rs

, 
wh

er
e 

it
 
co
mp
ri
se
d 

<1
% 

of
 
th
e 

fa
un
al
 
as
se
mb
la
ge

. 
Th
is
 

ba
th

ym
et

ri
c 

oc
cu

rr
en

ce
 

co
in
ci
de
d 

wi
th
 

th
e 

sh
al
lo

w 
ox
yg
en
 

mi
ni
mu
m 

zo
ne

, 
wi
th
 
ox
yg
en
 
le
ve
ls
 

be
lo
w 

1 
ml

/1
, 

wh
ic
h 

th
e 

au
th

or
s 

re
po

rt
ed

 
ex
is
te
d 

be
tw
ee
n 

15
0 

an
d 

40
0 

me
te
rs
.

Ep
is

to
mi

ne
ll

a 
pa

ci
fi

ca
 
ap

pe
ar

s 
to

 
be
 
a 

co
mm
on
 
me
mb
er
 
of
 

th
e 

up
pe

r 
ba
th
ya

l 
en
vi
ro
nm
en
t,
 
in
ha
bi
ta
ti
ng
 
wa
te
rs
 
of

 
25
0 

to
 

65
0 

me
te
rs
 
of

f 
Ca
li
fo
rn
ia
.

Di
st
ri
bu
ti
on

Ep
is

to
mi

ne
ll
a 

pa
ci

fi
ca

 
wa

s 
fo

un
d 

as
so
ci
at
ed
 

pr
im

ar
il

y 
wi
th
 
t
h
e
s
a
n
d
i
n
t
e
r
v
a
l
s
 
in

 
th
e 

up
pe

r 
po
rt
io
n 

of
 
th
e 

co
re

, 
an
d 

wi
th

 
bo

th
 
mu

ds
 
an
d 

sa
nd
s 

be
lo
w.
 

Re
co
ve
re
d 

fr
om
 
th
e 

sa
nd

 
la

ye
rs

 
be

tw
ee

n 
th
e 

de
pt
hs
 

of
 

46
 
an
d 

41
4.

5 
cm

, 
th
e 

ta
xo

n 
co
mp
ri
se
s 

fr
om

 
1.

3 
to
 
25
.6
% 

of
 
th

e 
fa

un
a.

 
In
 
th
e 

mu
d 

in
te

r­
 

va
ls

 
be
tw
ee
n 

21
0 

an
d 

41
2.
5 

cm
 
do

wn
co

re
, 

Ep
is
to
mi
ne
ll
a 

pa
ci
f-
 

ic
a 

ac
co
un
ts
 
fo

r 
le
ss
 
th

an
 
1 

to
 
2.

5%
 
of
 
th
e 

be
nt

ho
ni

c 
fo

ra
m­

 
in

if
er

al
 
as
se
mb
la
ge
.



Ep
i 
st
om
i 
ne
ll

a 
sm

i 
th

i 
(S
te
wa
rt
 
an
d 

St
ew

ar
t)

 
Pl

at
e 

18
, 

fi
gu

re
 
2

Pu
lv
in
ul
in
el
la
 
sm

it
h!

 
R.

E.
 
an
d 

K.
C.
 
St

ew
ar

t;
 

R.
E.
 
an

d 
K.
C,

St
ew
ar
t,
 
19

30
, 

p.
 
70
, 

pi
. 

9,
 
fi
g.
 
4.

Ep
is
to
mi
ne
ll
a 

sm
it

hi
 
(R
.E
. 

an
d 

K.
C.
 
St
ew
ar
t)
; 

Ba
nd

y,
 
19
53
a,

fi
g.
 
7;

 
Uc

hi
o,

 
19

60
, 

pi
. 

9,
 
fi
gs
. 

8-
10
; 

15
, 

pi
. 

5,
 
fi
g.
 

6;
 

Ma
to
ba
 

an
d 

Ya
ma
gu
ch
i,

p.
 

1
7
7
,

pi
.

Ba
nd

y,
 
19
61
, 

p
19
82
, 

p.
 
10

44
, 

pi
. 

3,
 
fi
g.
 
1.

Ep
is
to
mi
ne
ll
a 

pa
c 

i f
 i
ca

 
sm

it
hi

;
82
7,
 
fi
g.
 
5A
.

Ep
is
to
mi
ne
ll
a 

sm
it

hi
 
(S

te
wa

rt
 
an
d 

St
ew
ar
t)
;

p.
 
20
3-
20
4.

Ep
i 
st

om
in

el
la

 
pa

ci
 f
 i
ca
 
(C

us
hm

an
);

 
Ha
ll
er
 
(i
n

p.
 
25
4,
 
pi
. 

10
, 

fi
g.
 

5.

Ba
nd
y 

an
d 

Ro
do
lf
o,
 
19

64
, 

p.

Wa
gn
er
, 

19
78
, 

pa
rt

),
 

19
"8

"0
,

Gr
ee

n,
 
19
60
, 

R,
 
ce
nt
ra
l 

Ar
ct
ic
 
Ba

si
n.

Ep
is
to
mi
ne
ll
a 

sm
it

hi
 
wa

s 
on
e 

of
 
th
e 

sp
ec

ie
s 

fo
un
d 

to
 
be

 
p
r
e
s
e
n
t
i
n
 
th

is
 
st
ud
y.

Ba
nd

y,
 
19
53
a,
 
R,

 
Sa
n 

Fr
an

ci
sc

o 
to
 
Sa

n 
Di
eg
o,
 
CA

.
On

 
a 

si
ng
le
 
tr
an
se
ct
 
of
f 

Po
in

t 
Ar

gu
el

lo
, 

th
is
 

sp
ec

ie
s 

wa
s 

fo
un
d 

to
 
be
 
on
e 

of
 
th
e 

do
mi
na
nt
 
ta

xa
 
in

 
th

e 
mi

dd
le

 
ba
th
ya
l 

zo
ne

 
ly
in
g 

be
tw
ee
n 

54
9 

an
d 

73
2 

me
te

rs
. 

Th
e 

wa
te

rs
 

he
re

 
ar

e 
ch
ar
ac
te
ri
ze
d 

by
 
a 

te
mp
er
at
ur
e 

be
tw
ee
n 

4.
0 

an
d 

5.
5*

C,
 
sa

li
ni

ty
 
of
 
fr

om
 
34

.2
 
to

 
34
.4
°/
oo
, 

an
d 

an
 

ox
yg

en
 
co

nt
en

t 
of
 
0.

4 
to

 
0.
6 

ml
/1
.

Mo
ri
n,
 
19
71
, 

la
te

 
Q,

 
Sa
n 

Fr
an
ci
sc
o,
 
L.
A.

, 
Ba
ja
 
CA

.
Ha
rm
an
, 

19
64
, 

R,
 
Sa

nt
a 

Ba
rb
ar
a 

Ba
si

n,
 
CA

.
Th

is
 
sp
ec
ie
s 

wa
s 

co
ns
id
er
ed
 
a 

me
mb

er
 
of

 
Ha

rm
an

1s
 
co

sm
o­

 
p
o
l
i
t
a
n
 

fa
un

a 
be
ca
us
e 

it
 
wa

s 
re
co

ve
re

d 
fr

om
 
bo

th
 
sl
op
e 

an
d 

ba
si
n 

de
po

si
ts

 
be

tw
ee

n 
th
e 

de
pt

hs
 
of
 

37
2 

an
d 

56
3 

me
te
rs
. 

In
 
al
l 

ca
se

s,
 
it

 
co
mp
ri
se
d 

le
ss
 
th

an
 
1%
 
of

 
th

e 
fa
un
al
 
as

se
mb

la
ge

. 
Th
e 

ta
xo
n 

wa
s 

re
co

ve
re

d 
fr
om
 

th
e 

la
mi
na
te
d 

se
di
me
nt
s 

of
 
th
e 

Sa
nt
a 

Ba
rb
ar
a 

Ba
si

n 
an
d 

wa
s 

fo
un

d 
to

 
ha
ve
 
a 

ve
ry
 
fr

ag
il

e 
te

st
.

Re
si

g,
 
19
58
, 

R,
 
Sa
nt
a 

Cr
uz
 
Ba

si
n,

 
CA
.

Bo
th

 
li

vi
ng

 
an
d 

de
ad
 

sp
ec

im
en

s 
of
 

th
is
 

ta
xo

n 
we

re
 

r
e
c
o
v
e
r
e
d
 
fr

om
 
th
e 

Sa
nt
a 

Ba
rb

ar
a 

Ba
si
n.
 

Li
vi

ng
 
in
di
vi
­ 

du
al
s 

we
re

 
ob

ta
in

ed
 
be

tw
ee

n 
th

e 
de

pt
hs

 
of
 
45

7 
an

d 
18
29
 

me
te
rs
, 

oc
cu

rr
in

g 
in

 
th
e 

hi
gh

es
t 

ab
un

da
nc

e 
at

 
a 

de
pt
h 

of
 
14
63
 
me

te
rs

. 
On

ly
 
th
is
 
sp

ec
ie

s 
wa
s 

fo
un
d 

to
 

li
ve
 

bo
th

 
ab
ov
e 

an
d 

be
lo
w 

th
e 

si
ll

, 
th

e 
de
pt
h 

of
 
wh

ic
h 

wa
s 

p
l
a
c
e
d
 
he
re
 
at
 
10

83
 
me

te
rs

. 
Th
e 

ta
xo
n'
s 

li
vi

ng
 
di

st
ri

­ 
bu

ti
on

 
wa

s 
at
 

th
e 

up
pe
r 

li
mi
t 

of
 
th

e 
te

st
 
di

st
ri

bu
­ 

ti
on
s,
 
al

th
ou

gh
 
to
 

a 
le

ss
er

 
ex

te
nt

 
th
an
 

th
e 

ot
he

r 
sp

ec
ie

s,
 
an

d 
th

er
ef

or
e 

in
di
ca
te
s 

do
wn
sl
op
e 

di
sp

la
ce

me
nt

 
of
 
th
e 

te
st

s.
 

Re
si

g 
fo
un
d 

Ep
is
to
mi
ne
ll
a 

sm
it
hi
 

li
vi

ng
 

on
 

th
e 

we
st
 
si

de
 
of

 
th
e 

ba
si
n 

ne
ar

 
th
e 

si
ll

 
de

pt
h 

wi
th

 
Bo
li
vi
na
 

sp
is
sa
, 

Gl
ob
ob
ul
im
in
a 

pa
ci
fi
ca
, 

Pu
ll
en
ia

Sa
li
sb
ur
y!
, 

Uv
iq
er
in
a 

pe
re
qr
in
a 

an
d 

Fu
rs
en
ko
in
a 

se
m-
 

i
n
u
d
a
.
D
e
a
d
 

re
pr

es
en

ta
ti

ve
s 

of
 

th
e 

ta
xo
n 

we
re

 
re
co
ve
re
d 

be
tw

ee
n 

th
e 

de
pt
hs
 
of

 
73
2 

an
d 

18
65

 
me
te
rs
.

Cr
ou
ch
, 

19
52

, 
R,

 
11
 
de
ep
 
ba
si
ns
 
of
f 

so
ut

he
rn

 
CA
.

Ep
is

to
mi

ne
ll
a 

sm
it
hi
 
wa

s 
fo

un
d 

to
 
be
 
a 

co
mm

on
 

fo
ra
mi
n-
 

if
er
 

in
 

Cr
ou

ch
's

 
Zo
ne
 
T4
, 

re
si

di
ng

 
in

 
wa
te
r 

te
mp

er
a­

 
tu
re
s 

be
tw
ee

n 
4.
0 

an
d 

8.
5t

 
an
d 

be
tw

ee
n 

th
e 

de
pt

hs
 

of
 

ap
pr
ox
im
at
el
y 

27
4 

an
d 

61
0 

me
te

rs
 
in

 
th
e 

op
en
 
oc

ea
n.

Ma
rk
s 

an
d 

ot
he

rs
, 

I9
60

, 
R,
 
Sa
nt
a 

Ba
rb
ar
a 

Ch
an
ne
l,
 
CA

.
Th

e 
up

pe
r 

de
pt

h 
li

mi
t 

of
 
a 

mo
de

ra
te

 
nu
mb
er
 
of
 
in
di
vi
du
­ 

al
s 

of
 

th
is

 
sp

ec
ie

s 
wa
s 

fo
un
d 

to
 
be

 
th
e 

lo
we

r 
up

pe
r 

ba
th
ya
l 

zo
ne

 
be

tw
ee

n 
th

e 
de

pt
hs

 
of
 
32
5 

an
d 

45
7 

me
te

rs
 

in
 

th
e 

Sa
nt

a 
Ba

rb
ar

a 
Ch

an
ne

l.
 

Th
e 

ta
xo
n 

wa
s 

re
po
rt
ed
 

to
 
be
 
as

so
ci

at
ed

 
wi

th
 
Lo
xo
st
om
um
 
ps

eu
do

be
yr

ic
hi

, 
Ca

ss
i-

 
du
li
no
id
es
 
co

rn
ut

a,
 
Su

qq
ru

nd
a 

ec
'k

is
i,

 
Ca
ss
id
ul
in
a 

de
li
- 

ca
ta

, 
C.

 
tr
an
sl
uc
en
s 

an
a 

Gl
ob
ob
ul
im
in
a 

af
fi
nF
sT

Cu
sh

ma
n 

I 
Mo

ye
r,

 
19

30
, 

R,
 
Sa

n 
Pe

dr
o,

 
CA
.

Th
is
 
sp
ec
ie

s 
wa

s 
fo

un
d 

on
ly

 
at
 
a 

de
pt
h 

of
 
73
2 

me
te

rs
.

Za
le

sn
y,

 
19

59
, 

R,
 
li

vi
ng

 
i 

de
ad

, 
Sa
nt
a 

Mo
ni
ca
 
Ba
y,
 
CA

.
Za
le
sn
y 

fo
un

d 
th
is
 
sp
ec
ie
s 

oc
cu

rr
in

g 
be

tw
ee

n 
th
e 

de
pt

hs
 

of
 

20
7 

an
d 

84
1 

me
te

rs
 
in

 
th

e 
Sa
nt
a 

Mo
ni

ca
 
Ba
y.
 

Th
e 

ta
xo
n 

co
mp

ri
se

d 
5%
 
of
 
th
e 

fa
un

a 
at
 

a 
de
pt
h 

of
 

77
7 

me
te
rs
, 

8%
 

at
 

54
9 

me
te

rs
 
an
d 

a 
ma

xi
mu

m 
of

 
12

% 
of

 
th
e 

as
se
mb
la
ge
 
at
 
a 

de
pt
h 

of
 
69
5 

me
te
rs
. 

In
 
th
e 

lo
we
r 

en
d 

of
 

th
e 

Re
do

nd
o 

su
bm

ar
in

e 
ca

ny
on

, 
be

tw
ee

n 
th
e 

de
pt

hs
 
of

 
54
9 

an
d 

84
1 

me
te

rs
, 

Za
le
sn
y 

no
te

d 
a 

su
bs

ta
nt

ia
l 

ch
an

ge
 

in
 

th
e 

fo
ra

mi
ni

fe
ra

l 
fa

un
a.

 
Ep
is
to
mi
ne
ll
a 

sm
it

hi
, 

as
 

we
ll

 
as
 
E.
 

pa
ci

fi
ca

, 
Ca

ss
id

ul
in

a 
de

li
ca

ta
, 

Bu
li
mi
ne
ll
a 

te
nu
at
a,
""
 V
al
vu
li
ne
ri
a 

ar
ua

ca
na

 
an

d 
Bp

li
vi

ni
ta

 
mi
nu
ta
,

Be
tw

ee
n 

th
es
e 

de
pt

hs
,

be
ca
me
 
th
e 

do
mi

na
ti

ng
 
ta
xa
. 

Be
tw

ee
n 

th
es
e 

de
pt

hs
, 

th
e 

te
mp

er
at

ur
e 

ra
ng
ed
 
be
tw
ee
n 

4.
9 

an
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, 

19
27

a,
 
19

37
b)

 
an
d 

ha
s 

be
en

 
re
po
rt
ed
 

in
ha
bi
ti
ng
 

th
e 

ea
st

er
n 

Pa
ci
fi
c 

fr
om

 
th

e 
ex
tr
em
e 

no
rt

h 
to
 

Ch
il

e.
 

In
 
a 

st
ud

y 
of
 
th

e 
Gu
lf
 
of
 
Al
as
ka
 

fr
om
 
th

e 
Ko

di
ak

 
sh

el
f 

to
 
Ca
pe
 
Fa
ir
we
at
he
r,
 
Be
rg
en
 
an
d 

O'
Ne
il
 

(1
97
9)
 

fo
un
d 

th
e 

ta
xo
n 

re
st
ri
ct
ed
 
to
 
th
ei
r 

de
ep
es
t 

sa
mp

le
, 

si
tu
at
ed
 
at
 
a 

de
pt

h 
of

 
26

23
 
me

te
rs

. 
In

 
th

is
 

lo
we
r 

ba
th

ya
l 

fa
un

al
 

zo
ne
, 

th
e 

au
th

or
s 

di
sc

ov
er

ed
 

Fu
rs

en
ko

in
a 

co
rn
ut
a 

as
so

ci
at

ed
 
wi

th
 
Py
ll
en
ia
 
bu

ll
oi

de
s 

(
d
'
O
r
b
i
g
n
y
)
,
O
r
i
d
o
r
s
a
l
i
s
 

um
bo
na
tu
s 

(R
eu
ss
),
 
Bu

li
mi

na
 
ro
st
ra
ta
 
Br

ad
y 

an
d 

se
ve
ra
l 

ar
e-
 

na
ce
ou
s 

sp
ec

ie
s,

 
wi
th
 
th
e 

ta
xo

n 
co
mp
ri

si
ng

 
le

ss
 
th

an
 

1%
 

of
 

th
e 

to
ta
l 

fa
un
al
 
as

se
mb

la
ge

. 
Th

e 
De

ep
 
Se

a 
Dr

il
li

ng
 
Pr
oj
ec
t 

al
so

 
re

co
ve

re
d 

th
e 

sp
ec

ie
s 

at
 

Si
te
 

18
1 

in
 

th
e 

Gu
lf

 
of
 

Al
as
ka
, 

lo
ca
te
d 

ap
pr
ox
im
at
el
y 

20
00

 
me

te
rs

 
ab
ov
e 

th
e 

Al
eu
ti
an
 

Tr
en

ch
 
(I

ng
le

, 
19
73
).
 

Se
di
me
nt
s 

he
re
 
we
re
 
re

co
ve

re
d 

in
 
30
80
 

me
te

rs
 
of

 
wa
te
r 

an
d 

In
gl

e 
de

te
rm

in
ed

 
th

at
 
th

e 
sp

ec
ie

s'
 
pr

es
­ 

en
ce
 
in

di
ca

te
d 

th
at

 
th
es
e 

de
po

si
ts

 
or

ig
in

at
ed

 
at

 
an
 

up
pe
r 

mi
dd

le
 

ba
th

ya
l 

de
pt

h 
of

 
50
0 

to
 
15
00
 
me
te
rs
. 

In
gl

e 
(1
97
3)
 

re
ac

he
d 

a 
si

mi
la

r 
co
nc
lu
si
on
 
re

ga
rd

in
g 

th
e 

de
pt

h 
of

 
de

po
si

­ 
ti
on
 

of
 

so
me

 
of

 
th
e 

se
di

me
nt

s 
re
co

ve
re

d 
at

 
th
e 

De
ep

 
Se

a 
Dr

il
li

ng
 
Pr
oj
ec
t 

si
te
s 

of
f 

Va
nc
ou
ve
r 

Is
la
nd
 
(S
it
e 

17
7)

, 
th

e

Co
lu
mb
ia
 
Ri
ve
r 

(S
it
e 

17
6)
 
an
d 

ce
nt

ra
l 

Or
eg
on
 
(S
it
e 

17
5)
, 

du
e 

in
 

pa
rt

 
to

 
th
e 

pr
es
en
ce
 

of
 
Fu
rs
en
ko
in
a 

co
rn

ut
a 

in
 
th
es
e 

de
po
si
ts
.

Th
is
 
sp
ec
ie

s 
ha

s 
be

en
 
re
po
rt
ed
 
to
 
th
e 

so
ut

h 
of
f 

Sa
nt

a 
Ba
rb
ar
a 

as
 
we
ll
. 

Ha
rm

an
 
(1
96
4)
, 

in
ve
st
ig
at
in
g 

re
ce
nt
 
fo

ra
m-

 
in

if
er

s 
in
 
th

e 
Sa
nt
a 

Ba
rb

ar
a 

Ba
si

n,
 

re
co

ve
re

d 
Fu
rs
en
ko
in
a 

be
tw
ee
n

co
rn

ut
a 

be
tw
ee
n 

38
9 

an
d 

th
e 

st
ud
y'
s 

li
mi

t 
of

 
58
8 

me
te
rs
. 

Re
ma
rk
ab
ly
, 

it
 
co

mp
ri

se
d 

10
% 

of
 
th
e 

to
ta

l 
fa

un
al

 
as
se
mb
la
ge
 

at
 

a 
de
pt
h 

of
 
47
6 

me
te

rs
. 

Ha
rm

an
 
co

nc
lu

de
d 

th
at

 
th

e 
ta
xo
n 

wa
s 

ch
ar
ac
te
ri
st
ic
 
of
 
th

e 
ba
si
n 

pl
ai

n 
fa

un
a 

ly
in
g 

be
tw

ee
n 

55
0 

an
d 

58
9 

me
te

rs
, 

wh
er

e 
it
 
wa
s 

as
so
ci
at
ed
 
wi

th
 
Sy
qg
ru
nd
a 

ec
ki

si
 
Na

tl
an

d,
 
Bo

li
vi

na
 
se

mi
nu

da
 

Cu
sh
ma
n 

an
d 

Bu
li
mi
ne
ll
a 

te
nu
at
a 
C
u
s
h
m
a
n
.
A
 
sh
al
lo
w-
wa
te
r 

oc
cu

rr
en

ce
 
fo
r 

Fu
rs
en
ko
in
a 

co
rn
ut
a 

wa
s 

al
so
 
re

po
rt

ed
 
fr
om
 
th

e 
Sa

nt
a 

B
a
r
b
a
r
a
C
h
a
n
n
e
l
,
 

w
h
e
r
e
t
h
e
 

up
pe

r 
de
pt
h 

li
mi

t 
of
 
a 
mo

de
ra

te
 
nu

mb
er

 
of

 
th
e 

sp
ec
ie
s 

li
es

 
in

 
th

e 
lo

we
r 

up
pe
r 

ba
th
ya
l 

be
tw
ee
n 

32
5 

an
d 

45
7 

me
te
rs
 
(M

ar
ks

 
an
d 

ot
he

rs
, 

19
80

).
 

In
 
th

is
 
st

ud
y,

 
Fu

rs
en

kp
in

a 
co

rn
ut

a 
wa
s 

fo
un

d 
as

so
ci

at
ed

 
wi

th
 
Lo
xp
st
om
um
 

ps
eu

dp
be

yr
ic

hi
 

(C
us
hm
an
),
 

Su
gg

ru
nd

a 
ec
ki
si
 

Na
tl

an
d,

 
Ep

is
't

om
in

el
la

 
sm

it
h!

 
(S

te
wa

rt
 
an

d 
St

ew
ar

t)
, 

Ca
ss
id
ul
in
a 

d
e
l
i
c
a
t
a
C
u
s
h
m
a
n
,
 

C.
 

tr
an

sl
uc

en
s 

(d
'O

rb
ig

ny
),

Cu
sh

ma
n 

a
n
"
3
H
u
g
h
e
s
,
 

Gl
ob
ob
uT
im
in
a 

af
fi

nT
s

an
d 

Bu
li
mi
ne
ll
a 

te
nu
at
a 

Cu
sh
ma
n.

Cr
ou

ch
 
(
1
9
5
2
T
J
i
n
v
e
s
t
i
g
a
t
i
n
g
r
e
c
e
n
t
 

fo
rm

s 
in
ha
bi
ti
ng
 

th
e 

de
ep

 
ba
si
ns
 
of
f 

so
ut
he
rn
 
Ca
li
fo
rn
ia
 
fr

om
 
Sa

nt
a 

Ba
rb
ar
a 

to
 
Sa
n 

Di
eg
o,
 
de
te
rm
in
ed
 
th

at
 
Fu

rs
en

ko
in

a 
co

rn
ut

a 
wa
s 

a 
co
m­
 

mo
n 

fa
un

al
 

co
ns

ti
tu

en
t 

in
 
wa

te
rs

 
ch
ar
ac
te
ri
ze
d 

by
 
te
mp
er
a­
 

tu
re
s 

ra
ng

in
g 

be
tw

ee
n 

4.
0 

an
d 

5.
(f

c.
 

In
 
a 

sl
op
e 

an
d 

ba
si

n 
st

ud
y 

al
so
 

al
on

g 
th

e 
Ca
li
fo
rn
ia
 

bo
rd

er
la

nd
, 

Do
ug
la
s 

an
d 

He
it

ma
n 

(1
97
9)
 
as
so
ci
at
ed
 
th

e 
ta

xo
n 

wi
th
 
th

ei
r 

ba
si

n 
fl

oo
r 

as
se
mb
la
ge
 

in
 

bo
th

 
th
e 

ne
ar
sh
or
e 

an
d 

of
fs
ho
re
 
ba
si
ns
. 

In
 

th
e 

ne
ar

sh
or

e 
ba

si
ns

, 
Fu
rs
en
ko
in
a 

cp
rn

yt
a 

wa
s 

fo
un
d 

be
tw
ee
n 

55
0 

an
d 

95
0 

me
te

rs
, 

as
so
ci
at
ed
 
wi

th
 
th
e 

Ea
st

 
Pa

ci
fi

c 
In
te
r­
 

me
di
at
e 

Wa
te
rs
. 

Th
es
e 

wa
te

rs
 
ar
e 
c
h
y
a
c
t
i
z
e
d
 
by

 
a 

te
mp
er
a­
 

tu
re

 
ra

ng
in

g 
be
tw
ee
n 

4.
8 

an
d 

6.
1C
, 

sa
li
ni
ty
 
of

 
34

.3
 
to

 
34
.4
°/
oo
 
an

d 
an
 
ox
yg
en
 
co
nt
en
t 

of
 

0.
25

 
to
 

0.
5 

ml
/1

. 
In
 

sp
it
e 

of
 
th

e 
fa
ct
 
th
at
 
Fu
rs
en
ko
in
a 

co
rn

ut
a 

co
mm

on
ly

 
pr

od
uc

es
 

a 
de

li
ca

te
 
te
st
 
wh
ic
h 

is
 
su

sc
ep

ti
bl

e 
to
 
di
ag
en
et
ic
 

de
st
ru
c­
 

ti
on

 
(D

ou
gl

as
 

an
d 

He
it

ma
n,

 
19

79
),

 
th
e 

ta
xo
n 

wa
s 

a 
nu
me
ri
­ 

ca
ll

y 
do
mi
na
nt
 
co

ns
ti

tu
en

t 
of
 
th
e 

ba
si

n 
fl

oo
r 

as
se

mb
la

ge
 

of
 

th
e 

Ca
li

fo
rn

ia
 
bo
rd
er
la
nd
.

Nu
me
ro
us
 
ot

he
r 

oc
cu

rr
en

ce
s 

of
 

th
e 

sp
ec
ie
s 

ha
ve

 
be

en
 

re
po

rt
ed

 
fr

om
 

th
e 

so
ut

he
rn

 
Ca
li
fo
rn
ia
 

re
gi
on
. 

Of
f 

Sa
n 

Pe
dr

o,
 
Cu
sh
ma
n 

an
d 

Mo
ye
r 

(1
93

0)
 
re

po
rt

ed
 
th

e 
ap

pe
ar

an
ce

 
of
 

Fu
rs

en
ko

in
a 

co
rn

ut
a 

at
 

a 
de
pt
h 

of
 

73
2 

me
te

rs
. 

Sh
or
tl
y 

th
er

ea
ft

er
, 

Na
tl
an
d 

(1
93

3)
 
di
sc
ov
er
ed
 
th

e 
sp
ec
ie
s 

in
 
th

e 
Sa
n 

Pe
dr
o 

Ch
an

ne
l 

be
tw
ee
n 

Sa
n 

Pe
dr

o 
an

d 
Sa

nt
a 

Ca
ta

li
na

 
Is
la
nd
 
in

 
wa

te
rs

 
48

8 
to

 
88

4 
me
te
rs
 
de
ep
. 

He
 
al
so
 
re

po
rt

ed
 
th

e 
ta
xo
n'
s 

pr
es
en
ce
 

in
 

a 
sa

mp
le

 
co

ll
ec

te
d 

fr
om

 a
 
de
pt
h 

of
 
18
14
 
me
te
rs
 

by
 
Dr
. 

Pa
rk
er
 
Tr
as
k 

in
 
th

e 
re

gi
on

 
be
tw
ee
n 

Sa
nt
a 

Ca
ta

li
na

 
an

d 
Sa

nt
a 

Cr
uz

 
Is
la
nd
s.
 

In
 

ne
ar
by
 
Sa

nt
a 

Mo
ni
ca
 
Ba
y,
 
Za
le
sn
y 

(1
95

9)
 
st
ud
ie
d 

th
e 

di
st
ri
bu
ti
on
 
of
 
li

vi
ng

 
an
d 

de
ad

 
be

nt
ho

ni
c 

fo
ra

mi
ni

fe
rs

 
an

d 
re

po
rt

ed
 
Fu
rs
en
kp
in
a 

co
rn

ut
a 

co
mp
ri
si
ng
 
1 

an
d 

2%
 
of
 
th
e 

fa
un

al
 
as
se
mb
la
ge
 
at
 
d
e
p
t
h
s
o
!
6
9
5
 

an
d 

77
7 

me
te
rs
, 

re
sp

ec
ti

ve
ly

.

O)
 

Oi



O)

So
ut

he
rn

 
Ca

li
fo

rn
ia

 
co
nt
in
en
ta
l 

bo
rd
er
la
nd
 

de
po

si
ts

 
ha

ve
 

al
so

 
yi

el
de

d 
sp
ec
im
en
s 

of
 
th
e 

ta
xo
n.
 

Na
tl
an
d 

(1
93
3)
 

di
sc

ov
er

ed
 
th

e 
pr
es
en
ce
 
of

 
Fu

rs
en

ko
in

a 
co

rn
ut

a 
in
 
hi
s 

Zo
ne

 
4 

of
 

th
e 

Pl
io
ce
ne
-a
ge
d 

Pi
co

 
Fo

rm
at

io
n 

de
po
si
ts
 
ex
po
se
d 

in
 
th
e 

Ha
ll

 
Ca

ny
on

 
se

ct
io

n 
ne

ar
 
Ve

nt
ur

a.
 

In
 

19
52

, 
Le
wi
s 

Ma
rt

in
 

in
ve

st
ig

at
ed

 
si

mi
la

r 
ag

ed
 
ou
tc
ro
ps
 
of

 
th
e 

Re
pe
tt
o 

an
d 

Pi
co
 

Fo
rm
at
io
ns
 
in

 
th
e 

Lo
s 

An
ge

le
s 

Ba
si
n 

an
d 

re
po
rt
ed
 
th
e 

sp
ec
ie
s 

as
 

a 
co
ns
ti
tu
en
t 

of
 
hi
s 

di
ve

rs
e 

fa
un
a.
 

La
te
r,
 
Wh
it
e 

(1
95
6)
 

un
co

ve
re

d 
ra
re
 

sp
ec
im
en
s 

of
 

Fu
rs

en
ko

in
a 

co
rn
ut
a 

in
 

tw
o 

Pl
io
ce
ne
-a
ge
d 

lo
ca
li
ti
es
 

of
 
th
e 

Up
pe

r 
Ca

pi
st

ra
no

 
Fo
rm
at
io
n 

of
 
Or

an
ge

 
Co
un
ty
. 

An
d 

In
gl

e 
(1
98
0)
, 

in
 
an
 
ex
te
ns
iv
e 

re
vi
ew
 

of
 
fo
ra
mi
ni
fe
ra
l-
be
ar
 i
ng
 
Ce

no
zo

ic
 
st

ra
ta

 
al
on
g 

so
ut
he
rn
 
Ca

l­
 

if
or
ni
a,
 
fo

un
d 

th
e 

sp
ec

ie
s 

to
 
be
 
as
so
ci
at
ed
 
wi

th
 

th
e 

up
pe

r 
ba
th
ya
l 

bi
of
ac
ie
s 

ly
in
g 

be
tw
ee
n 

15
0 

an
d 

50
0 

me
te
rs
 
wa
te
r 

de
pt

h.
Fu

rs
en

ko
in

a 
co

rn
ut

a 
ha
s 

be
en
 
re

po
rt

ed
 
fr

om
 
of
fs
ho
re
 
Sa
n 

D
i
e
g
o
a
s
 
we

ll
. 

In
 
th
e 

ea
rl
y 

pa
rt

 
of

 
th

is
 
ce
nt
ur
y,
 
th
e 

U.
S.
 

Co
as

t 
an
d 

Ge
od
et
ic
 
Su
rv
ey
 
sh

ip
 G

ui
de
 
re

co
ve

re
d 

th
e 

sp
ec
ie
s 

in
 

th
is
 
re
gi
on
 
at

 
de
pt
hs
 
of
 
78
5,
 
85
0 

an
d 

10
11
 
me
te
rs
 
(C

us
h-

 
ma
n,
 
19
27
a)

. 
Co

ns
id

er
ab

ly
 
la

te
r,

 
Uc

hi
o 

(1
96
0)
 
re

vi
ew

ed
 

th
e 

di
st
ri
bu
ti
on
 

of
 

li
vi

ng
 

an
d 

de
ad
 

be
nt
ho
ni
c 

fo
ra

mi
ni

fe
rs

, 
in
cl
ud
in
g 

Fu
rs

en
ko

in
a 

co
rn

ut
a,

 
of
f 

Sa
n 

Di
eg
o 

an
d 

so
ut

h 
to

 
th
e 

C
o
r
o
n
a
d
o
s
I
s
l
a
n
d
s
.
 

He
 

fo
un

d 
li

ve
 
sp

ec
im

en
s 

pr
es

en
t 

be
tw

ee
n 

63
1 

an
d 

71
3 

me
te
rs
, 

co
mp

ri
si

ng
, 

at
 
mo

st
, 

0.
9%
 
of

 
th

e 
fa

un
al

 
as

se
mb

la
ge

. 
In

 
co
nt
ra
st
, 

de
ad
 
in
di
vi
du
al
s 

we
re
 
on
ly
 

re
po

rt
ed

 
at
 
a 

si
ng
le
 
lo
ca
li
ty
 
fr
om
 
a 

de
pt

h 
of

 
10
61
 

me
te
rs
, 

wh
er
e 

th
ey
 
to
ta
le
d 

3%
 
of

 
th
e 

po
pu

la
ti

on
.

So
ut
hw
ar
d,
 

in
 
th
e 

Gu
lf

 
of

 
Ca

li
fo

rn
ia

, 
Ba
nd
y 

(1
96
1)
 

in
ve

st
ig

at
ed

 
re

ce
nt

 
fo
ra
mi
ni
fe
rs
 
fr
om
 
th

e 
in
te
rt
id
al
 
zo
ne
 
to

 
ju
st
 
gr
ea
te
r 

th
an
 
18

00
 
me

te
rs

. 
He

 
re

po
rt

ed
 
Fu
rs
en
ko
in
a 

co
r­
 

nu
ta
 

to
 

be
 
a 

mi
no
r 

el
em
en
t 

in
 
th

e 
up
pe
r 

ba
th
ya
l 

bi
of

ac
ie

s,
 

ly
in
g 

be
tw
ee
n 

36
6 

an
d 

61
0 

me
te

rs
, 

in
 
wa
te
rs
 
ra

ng
in

g 
in

 
te

m­
 

pe
ra

tu
re

 
be

tw
ee

n 
4.
5 

an
d 

6.
0°

C.
 

Ma
to
ba
 
an
d 

Ya
ma
gu
ch
i 

(1
98
2)
 

al
so
 
fo
un
d 

th
e 

ta
xo
n 

in
 
Pl

ei
st

oc
en

e 
an

d 
Ho

lo
ce

ne
 

de
po

si
ts

 
re

co
ve

re
d 

in
 
th

e 
Gu

ay
ma

s 
Ba

si
n 

by
 
th
e 

D
e
e
p
 
Se
a 

Dr
il

li
ng

 
Pr

o­
 

je
ct

. 
Ba

se
d 

on
 
th

e 
wo
rk
s 

of
 
Ba
nd
y 

(1
96
1)
 
an
d 

Ph
le
ge
r 

(1
96
4,
 

19
65

) 
in

 
th

is
 

re
gi

on
, 

Ma
to
ba
 
an

d 
Ya
ma
gu
ch
i 

(1
98
2)
 
de

fi
ne

d 
Fu
rs
en
ko
in
a 

co
rn

ut
a 

as
 
pr

im
ar

il
y 

an
 
up
pe
r 

to
 

up
pe

r 
mi
dd
le
 

b
a
t
h
y
a
l
i
p
e
c
i
e
s
,
n
o
t
i
n
g
 

th
at

 
it

 
pr
ef
er
s 

to
 
li
ve
 
at
 
de

pt
hs

 
be

tw
ee

n 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
35
0 

an
d 

18
00

 
me
te
rs
.

Th
e 

ta
xo
n 

ha
s 

be
en
 
co

ll
ec

te
d 

of
fs
ho
re
 
as
 
fa

r 
so
ut
h 

as
 

Ce
nt

ra
l 

an
d 

So
ut
h 

Am
er

ic
a 

as
 
we

ll
. 

Sm
it
h 

(1
96
4)
, 

in
 
a 

re
vi
ew
 

of
 
re
ce
nt
 
fo

ra
mi

ni
fe

rs
 
of
f 

El
 
Sa

lv
ad

or
 
an
d 

Ni
ca

ra
gu

a,
 

fo
un

d 
Fu
rs
en
ko
in
a 

co
rn
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0.
06
2 

mm
) 

fr
ac

ti
on

 
of

 
DS
DP
 
co
re
 
ma

te
ri

al
 
fr

om
 
th
e 

Na
zc

a 
Pl
at
e,
 
Re

si
g 

ob
ta
in
ed
 

th
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at
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at
ed
 
in

 
th

is
 
st

ud
y.
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e 

ta
xo
n 

co
mp

ri
se
s 

fr
om
 
1.
1 

to
 
52
.2
% 

of
 
th
e 

as
se

mb
la

ge
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ra
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.
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.
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at
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ra
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.
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.
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e 

la
st
 
th
re
e 

ch
am

be
rs

 
ma
ke
 
up

 m
uc

h 
of
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ra
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ra
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ra
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p.
 
10

45
. 

Gl
ob
ob
ul
im
in
a 

ov
ul
a 

ov
ul

a 
(d

'O
rb

ig
ny

);
 

In
gl
e,
 
19
80
, 

p.
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ra
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Re
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ra
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P
l
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P
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c
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. 
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s 

ot
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r 
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cu

rr
en

ce
s,

 
Gy

ro
id

in
a 
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in
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a 

al
wa

ys
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mp

ri
se

s 
le

ss
 
th

an
 
1%
 
of
 
th
e 
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un

al
 
as

se
mb

la
ge

.

Gy
ro

id
in

a 
tu
mi
du
lu
s 

(B
ra
dy
) 

Pl
at

e 
19

, 
fi

gu
re

 
1

Tr
un
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tu

mi
du

la
 
Br
ad
y;
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g.
 
8.

Gy
ro

id
in

a 
tu
mi
du
lu
s 

(H
.B

. 
Br
ad
y)
;

p.
 
21

, 
pi

. 
11

, 
fi

gs
. 
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8.
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id
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tu
mi
du
lu
s 

(B
ra
dy
);
 

Ba
rk

er
, 

19
60
, 

p
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g.
 
8.

Br
ad
y,
 
18
84
, 

p.
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6,
 

pi
. 
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le

ge
r 
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d 

Pa
rk
er
, 

19
51

 

19
6,

 
pi
. 

95

Sm
it

h,
 
19

63
b,

 
Pl
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s 

£. 
R,
 
Gu

lf
 
of

 
Al
as
ka
.

Ba
nd

y,
 
19

61
, 

R,
 
Gu

lf
 
of

 
CA
.,
 
in
te
rt
id
al
-1
00
0*
 
fa

th
om

s.
Th
is
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ec
ie
s 
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s 

fo
un

d 
to
 
be
 
a 

do
mi
na
nt
 
me
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er
 

of
 

th
e 

lo
we

r 
mi
dd
le
 

ba
th

ya
l 
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of

ac
ie

s 
be

tw
ee

n 
th
e 

de
pt

hs
 
of

 
21
34
 
an

d 
24
38
 
me

te
rs

, 
wi

th
 
th
e 

wa
te
r 

te
mp

er
at

ur
e 

ly
in

g 
at
 
2.
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.

In
gl
e,
 
Ke
ll
er
 

& 
Ko

lp
ac

k,
 
19
80
, 

R,
 
Pe

ru
-C

hi
le

 
Tr

en
ch

.
Ph

le
ge

r,
 
Pa
rk
er
 
an

d 
Pe
ir
so
n,
 
19
53
, 

R,
 
eq

.-
N.

 
At

la
nt

ic
.

Ph
le

ge
r,

 
19

51
b,

 
R,
 
No
rt
hw
es
t 

Gu
lf

 
of
 
Me

xi
co

.
Ph
le
ge
r 

S, 
Pa

rk
er

, 
19

51
, 

R,
 
NW

 
Gu

lf
 
of

 
He
x.
 

S. 
At

la
nt

ic
.

Do
ug

la
s 

S, 
Wo
od
ru
ff
, 

19
81
, 

de
ep

-s
ea

 
be
nt
ho
ni
c 

fo
ra

ms
.

Di
st

ri
bu

ti
on

tu
mi
du
lu
s 

we
re

Ve
ry
 

lo
w 

pe
rc

en
ta

ge
s 

of
 

re
co

ve
re

d 
fr
om
 

bo
th

 
mu

d 
an
d 

de
pt

hs
 

of
 

12
0 

an
d 

44
7.

5 
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oc

cu
rr

en
ce

s 
in
 

th
is

 
st
ud
y,
 

th
e 

ta
xo

n 
al
wa
ys
 
ac
co
un
ts
 
fo

r 
le
ss
 
th

an
 
1%
 
of

 
th

e 
fa

un
al

 
as

se
mb

la
ge

.

Gy
ro

id
in

a
s
a
n
d
i
n
t
e
r
v
a
l
s
 
be

tw
ee

n 
th

e
do
wn
co
re
. 

In
 

it
s 

el
ev

en

Gy
ro

id
in
a 

tu
rq
id
a 

(P
hl
eg
er
 
an
d 

Pa
rk
er
) 

Pl
at
e 

19
, 

fi
gu

re
 
2

Ep
on
id
es
 
tu
rg
id
us
 
Ph
le
ge
r 

an
d 

Pa
rk
er
; 

Ph
le

ge
r 

an
d 

Pa
rk

er
, 

19
51
, 

p.
 
22
, 

pi
. 

11
, 

fi
g.
 
9.

Gy
ro

id
in

a 
tu
rq
id
a 

(P
hl

eg
er

 
an
d 

Pa
rk

er
);

 
In
gl
e,
 

19
73
, 

p.
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6,

 
55
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Sm
it

h,
 
19

64
, 

R,
 
El

 
Sa
lv
ad
or
 

& 
Ni

ca
ra

gu
a.

 
In

gl
e,

 
Ke

ll
er

 
£. 

Ko
lp

ac
k,

 
19
80
, 

R,
 
Pe

ru
-C

hi
le

 
Tr
en
ch
. 

Ph
le
ge
r,
 
19

51
b,

 
R,
 
No

rt
hw

es
t 

Gu
lf

 
of

 
Me

xi
co

. 
Do
ug
la
s 

& 
Wo
od
ru
ff
, 

19
81
, 

de
ep

-s
ea

 
be
nt
ho
ni
c 

fo
ra
ms
.

Di
st
r 

i b
ut
 i
on

Re
pr
es
en
ta
ti
ve
s 

of
 

Gy
ro

id
in

a 
tu
rq
id
a 

we
re
 

on
ly
 

re
co

ve
re

d 
fr

om
 

th
e 

up
pe
r 

po
rt

io
n 

ot
 
th
e 

co
re

. 
Ob

ta
in

ed
 

be
tw

ee
n 

th
e 

de
pt
hs
 
of

 
12
0 

an
d 

27
2 

cm
 

do
wn
co
re
, 

th
e 

ta
xo
n 

al
wa

ys
 
co
mp

ri
se
s 

le
ss
 
th

an
 
1%

 
of

 
th
e 

be
nt

ho
ni

c 
fo

ra
mi

ni
fe

ra
l 

as
se

mb
la

ge
. 

An
d 

wi
th
 
th

e 
ex
ce
pt
io
n 

of
 
a 

si
ng
ul
ar
 

sp
ec

im
en

 
ac

qu
ir

ed
 

fr
om
 

th
e 

sa
nd
y 

mu
d 

sa
mp

le
 
lo
ca
te
d 

fr
om
 
18
0 

to
 
18
2 

cm
 

do
wn
co
re
, 

Gy
rp

id
in

a 
tu

rg
id

a 
wa

s 
fo
un
d 

as
so
ci
at
ed
 

ex
cl
us
iv
el
y 

wi
th

 
th
e 

mu
d 

de
po
si
ts
 
of

 
co

re
 
S3
-7
8-
SC
, 

15
G.

Gy
ro

id
in

a 
sp

p.

Gy
ro

id
in

a 
sp
p.
 

Po
or

ly
 
pr

es
er

ve
d 

sp
ec

im
en

s,
 
wi
th
 
tr
oc
ho
id
al
, 

pl
an

o-
co

nv
ex

 
to

 
bi

co
nv

ex
 
te
st
s 

an
d 

an
 
in
te
ri
om
ar
gi
na
l 

ap
er
­ 

tu
re

 
lo
ca
te
d 

to
wa

rd
s 

th
e 

um
bi
li
ca
l 

ar
ea

, 
ar
e 

as
si
gn
ed
 

to
 

th
is

 
ge

nu
s.

Sa
id
ov
a,
 
19
67
, 

Q,
 
Pa
ci
fi
c 

Oc
ea

n.
Mu
rr
ay
, 

19
73

, 
R,

 
ge
ne
ra
l 

ec
ol

og
y 

t 
di

st
ri

bu
ti

on
,

Bo
lt

ov
sk

oy
 
& 

Wr
ig

ht
, 

19
76
, 

Re
ce
nt
 
Fo

ra
mi

ni
fe

ra
.

Di
st

ri
bu

ti
on

U
n
i
d
e
n
t
i
f
i
e
d
 
sp

ec
im

en
s 

of
 
Gy
ro
id
in
a,
 
al

wa
ys

 
co

mp
ri

si
ng

 
le

ss
 
th
an
 
1%
 
of
 
th

e 
fa

un
al

 
a
s
s
e
m
b
l
a
g
e
,
w
e
r
e
 
re

co
ve

re
d 

in
 
mu
d 

an
d 

sa
nd
 
in
te
rv
al
s 

be
tw

ee
n 

th
e 

de
pt
hs
 
of

 
40
 

an
d 

43
2.

5 
cm
 

do
wn
co
re
.

Ho
eq
lu
nd
in
a 

el
eq

an
s 

(d
'O
rb
ig
ny
) 

Pl
at

e 
19
, 

fi
gu

re
 
9

Ro
ta
li
a 

(T
ur

bi
nu

li
ne

) 
el
eg
an
s 

d'
Or
bi
gn
y;
 

d'
Or

bi
gn

y,
 

18
26
,

Ho
gl
un
di
na
 
el
eg
an
s 

(d
'O

rb
ig

ny
);

 
Ph
le
ge
r 

an
d 

Pa
rk

er
, 

19
51

, 
p.
 

22
, 

pi
. 

12
, 

fi
g.

 
1;

 
Ba

nd
y,

 
19
53
a,
 
pi

. 
23
, 

fi
g.

 
9;
 

Ba
rk
er
, 

19
60
, 

p.
 
21

6,
 
pi
. 

10
5,

 
fi
gs
. 

3-
6;
 

Ha
ll
er
, 

19
80
, 

p,
 

25
7,

 
pi

. 
12
, 

fi
g.
 
1.

Ho
eq
lu
nd
in
a 

el
eq
an
s 

(d
'O
rb
ig
ny
);
 

In
gl
e,
 
19
73
, 

p.
 
53
6,
 

54
2,

 
5
4
3
7
5
5
3
;
 

In
gl
e,
 
Ke

ll
er

 
an
d 

Ko
lp

ac
k,

 
19
80
, 

p.
 
13
8,
 
pi
. 

2,
 

fi
g.
 
11
.

Ho
eq
lu
nd
in
a 

el
eq
an
s 

(d
'O

rb
ig

ny
) 

is
 
an
 
un

us
ua

l 
be
nt
ho
ni
c 

fo
ra

mi
ni

fe
r 

in
 
th
at

 
it
 
is

 
on

e 
of

 
th
e 

fe
w 

to
 
ha
ve
 
a 

te
st
 
co

m­
 

po
se

d 
of
 

ar
ag
on
it
e 

in
st

ea
d 

of
 

ca
lc
it
e 

(B
an
dy
, 

19
54

).
 

Ba
nd

y'
s 

(1
95
4)
 
ea

rl
y 

st
ud
y 

of
 
th
e 

fo
ra
mi
ni
fe
ra
l 

wa
ll
 
co
mp
o­
 

si
ti
on
 
di
sc
ov
er
ed
 
on
ly
 
te
n 

sp
ec

ie
s 

wi
th

 
ar

ag
on

it
ic

 
te

st
s,

 
80

% 
of
 
wh
ic
h 

we
re

 
fo

ss
il

 
ta
xa
, 

co
mp
ar
ed
 
to
 
an

 
es
ti
ma
te
d 

17
00
 

to
 
20

00
 
sp
ec
ie
s 
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ic
h 

ut
il
iz
ed
 

th
e 

co
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en
ti
on
al
 

ca
lc
it
e 

ma
te
ri
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. 

Th
e 
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it
e 
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pe
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s 
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e 
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s 
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a 
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me
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g 
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t 
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r 
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(B

an
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19
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).
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s 
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re
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s 
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e 
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c 
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n 
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e.
 

In
 
th
e 
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h 
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h 

(1
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3)
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er
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ra
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, 
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l 
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d 
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n 

co
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s 
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fr
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N 

la
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. 
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th
e 
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an
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la
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e 

re
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ve
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d 
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o 
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d 
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im
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s 
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r 
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e 
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r 
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h 
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ll
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d 

on
e 
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d 
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r 
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t 
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(1
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a 
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s 
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a 
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t 
r
e
c
o
v
e
r
e
d
a
T
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e 

lo
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r 

ba
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l 

de
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26

23
 
me
te
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. 

Th
e 
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n 
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ri
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d 

<1
% 
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e 
fa
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as
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h.
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g 
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a 
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s 
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, 
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.e
s 
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d 
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a 
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s 
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d 
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D
i
l
l
s
s
a
m
p
l
e
s
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th
e 

se
a 
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r 

of
f 
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y 
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ar
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, 
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, 
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a 
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r 
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l 
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h 
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at
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y 
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58
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te
rs

 
(B

an
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, 
19
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.
Th
e 
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rs
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f 
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a 

Ba
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a 
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de
d 
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s 
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lu
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a 
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y 
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th
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ra
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fe
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o
b
t
a
i
n
e
d
i
n
 

a 
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an
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g 
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pr
ox
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at
el
y 
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0 
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ou
t 

to
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a 
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, 
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e 
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s 
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ri
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an
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% 
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e 
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a 
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e 
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is
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wa

s 
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d 
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of
 
34
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6 

to
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.6
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/o
o 

an
d 
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t 
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2.
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to
 
3.
0 
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/1
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a 
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h 
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t 
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to
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58
 

me
te
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. 
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e 
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a 
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s 
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d 
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th
e 
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a
t
t
i
n
s
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d 
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s 
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t 
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r
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up
sl
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e 
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g 
th
e 
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, 
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s 
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en
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t 
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th
e 
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al
s 

we
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li
vi

ng
 

at
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e 
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of

 
co

ll
ec

ti
on

 
(R
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ig
, 

19
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).
 

In
 
Re
si
y'
s 

(1
95

8)
 
wo

rk
 
in

 
th
e 

Sa
nt
a 

Cr
uz

 
Ba
si
n 

of
f 

Sa
nt
a 

Ba
rb
ar
a,
 
th
e 

ta
xo
n 

wa
s 

fo
un
d 

fr
om
 
ap
pr
ox
im
at
el
y 

12
0 

to
 

18
65

 
me

te
rs

 
de
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h,
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th
 

li
ve
 

sp
ec
im
en
s 

re
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ve
re
d 

be
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ee
n 
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ou
t 

13
0 

an
d 

40
0 

me
te
rs
. 

Th
e 

gr
ea

te
st

 
ab
un
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e 

of
 
li
vi
ng
 

in
di

vi
du

al
s 

fe
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be

tw
ee

n 
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7 

an
d 

18
3 

me
te

rs
 
of

 
wa
te
r 

th
ou
gh
, 

wh
ic

h 
is

 
in

 
sh
ar
p 

co
nt
ra
st
 
to
 
th
e 

lo
we
r 

ab
ys
sa
l 

de
te
rm
in
a­
 

ti
on
 

of
 

Ba
nd
y 

(1
95
3a
) 

an
d 

Wa
lt

on
's

 
(1
95
5)
 

re
po
rt
s 

of
 

oc
cu
rr
en
ce
s 

at
 
73

2 
me
te
rs
 
an

d 
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te
r 

of
f 

To
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s 

Sa
nt
os
 
Ba
y,
 

Me
xi
co
. 

Re
si
g 

(1
95

8)
 

hy
po

th
es

iz
ed

 
th
at
 

th
e 

de
pt

h 
di

sc
re

pa
nc

y 
in

 
th
e 

va
ri

ou
s 

ar
ea
s 

ma
y 

be
 
du

e 
to
 
en

vi
ro

nm
en

ta
l 

fa
ct

or
s 

ot
he
r 

th
an

 
te
mp
er
at
ur
e,
 
or
 

th
at

 
Ba
nd
y'
s 

sp
ec
im
en
s 

we
re

 
in
de
ed
 

no
t 

li
vi
ng
, 

bu
t 

tr
an
sp
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te
d,
 
in

di
vi

du
al

s.
 

In
 

Qu
at
er
na
ry
 
se

di
me

nt
s 

of
 
th
e 

Sa
nt
a 

Ba
rb

ar
a 

Ch
an

ne
l,

 
Ho
eq
ly
n-
 

di
na

 
el

eq
an

s'
 

up
pe

r 
de
pt
h 

li
mi
t 

wa
s 

fo
un

d 
as
so
ci
at
ed
 
wi
th
 

th
e 

mi
dd

le
 
ba
th
ya
l 

fa
un

a 
be
tw
ee
n 

45
7 

an
d 

91
5 

me
te
rs
 

(M
ar

ks
 

an
d 

ot
he
rs
, 

19
80

).
In
 
a 

st
ud
y 

of
 
th
e 

re
la

ti
on

sh
ip

 
be

tw
ee

n 
te

mp
er

at
ur

e 
an

d 
ba

th
ym

et
ry

 
di
st
ri
bu
ti
on
s 

of
 

re
ce
nt
 
be
nt
ho
ni
c 

fo
ra

mi
ni

fe
rs

 
fr

om
 
el

ev
en

 
de

ep
 

ba
si

ns
 

of
f 

so
ut
he
rn
 

Ca
li

fo
rn

ia
 

be
tw

ee
n 

Sa
nt
a 

Ba
rb
ar
a 

an
d 

Sa
n 

Di
eg
o,
 
Cr

ou
ch

 
(1

95
2)
 
fo

un
d 

Ho
eq

lu
nd

in
a 

el
eq
an
s 

to
 
ex
hi
bi
t 

a 
wi

de
 
te

mp
er

at
ur

e 
to
le
ra
nc
e.
 

H
e
f
o
u
n
d
 

th
e 

sp
ec

ie
s 

to
 
ra

ng
e 

in
 
en

vi
ro

nm
en

ts
 
be
tw
ee
n 

2.
5 

an
d 

13
. 
Oc
 

in
 
hi

s 
st
ud
y 

ar
ea

. 
Th

is
 
sp

ec
ie

s 
wa

s 
al

so
 

fo
un

d 
in

 
re
ce
nt
 

se
di

me
nt

s 
of
 

th
e 

Ta
nn
er
 
Ba
si
n 

of
f 

Lo
s 

An
ge

le
s 

(K
he

ra
dp

ir
, 

19
70

),
 
an
d 

wa
s 

as
so
ci
at
ed
 
wi
th
 
th

e 
up
pe
r 

ba
th
ya
l 

bi
of

ac
ie

s,
 

at
 

a 
de

pt
h 

of
 

fr
om
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0 

to
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0 

me
te
rs
, 

in
 
a 

st
ud
y 

of
 
th

e 
so

ut
he

rn
 
Ca
li
fo
rn
ia
 
co
nt
in
en
ta
l 

bo
rd
er
la
nd
 

(I
ng
le
, 

19
80

).
 

Ba
nd

y'
s 

(1
96
3a
) 

in
ve

st
ig

at
io

n 
of
 
th
e 

be
nt
ho
ni
c 

fo
ra

mi
ni

fe
rs

1 
mm
 
an
d 

la
rg
er
 
in

 
si

ze
 
in

 
th

is
 
sa

me
 
re
gi
on
 

fo
un

d 
Hp

eq
lu

n-
 

di
na

 
el
eq
an
s 

to
 
be

 
an
 
im

po
rt

an
t 

sp
ec
ie
s 

th
ro
ug
ho
ut
 
th

e 
co
n­
 

ti
ne
nt
al
 
bo

rd
er

la
nd

's
 
ce
nt
ra
l,
 
so
ut
he

rn
 

an
d 

ou
te

r 
ba
si
ns
. 

In
 
th
e 

ce
nt

ra
l 

an
d 

ou
te

r 
ba
si
ns
, 

it
s 

di
am
et
er
 
wa

s 
co

ns
ta

nt
ly

2 
mm
 
or
 
gr
ea

te
r,
 
wh

er
ea

s 
in

 
th
e 

sh
al
lo
we
r 

wa
rm
er
 
wa

te
rs

, 
th
e 

di
am

et
er

 
wa

s 
us

ua
ll

y 
<0

.6
 
nu
n.
 

Th
e 

sp
ec
ie
s 

ra
ng
ed
 
be
tw
ee
n 

98
2 

an
d 

25
71
 
me

te
rs

 
wa

te
r 

de
pt

h 
in
 
hi
s 

in
ve
st
ig
at
io
n,
 

wi
th

 
it

s 
sh
al
lo
we
st
 
oc

cu
rr

en
ce

 
co

in
ci

di
ng

 
wi

th
 
th
e 

Sa
nt
a 

Ca
ta

li
na

 
Ba

si
n.

 
Th
is
 
ba
si
n 

6i
s 

ch
ar
ac
te
ri
ze
d 

by
 

a 
te

mp
er

at
ur

e 
of

 
ap
pr
ox
im
at
el
y 

4.
02
C,
 

sa
li

ni
ty

 
of
 

3
4
.
4
2
%
x
>
 
an
d 

an
 
ox

yg
en

 
co
nt
en
t 

of
 
ab
ou
t 

0.
4 

ml
/1

 
(E
me
ry
, 

19
60

).
 

A 
co

ns
id

er
ab

ly
 

sh
al

lo
we

r 
oc

cu
rr

en
ce

 
of

 
Ho

eg
lu

nd
in

a 
el

eq
an

s 
wa

s 
di
sc
ov
er
ed
 

by
 
Mc
Gl
as
so
n 

(1
95
9)
 
in

 
a 

r
e
v
i
e
w
o
f
 

th
e 

li
vi
ng
 

an
d 

de
ad

 
fo

ra
mi

ni
fe

rs
 

of
 

Sa
nt

a 
Ca
ta
li
na
 

Is
la
nd
. 

De
ad
, 

bu
t 

ex
ce

l­
 

le
nt
ly
 
pr
es
er
ve
d 

sp
ec

im
en

s,
 
we

re
 
ob

ta
in

ed
 
at
 

de
pt

hs
 

of
 

91
 

me
te

rs
 

an
d 

gr
ea

te
r.

 
Th
is
 
sh

oa
l 

di
st

ri
bu

ti
on

 
is

 
si

gn
if

ic
an

t 
be

ca
us

e 
th
es
e 

sh
al
lo
w 

wa
te

rs
 
ex
pe
ri
en
ce
 
hi
gh
 
an
nu
al
 
te
mp
er
a­
 

tu
re
 

va
ri

at
io

ns
, 

wh
ic

h 
im

pl
ie

s 
th

at
 

th
e 

sp
ec
ie
s 

ha
s 

a 
gr

ea
te

r 
te

mp
er

at
ur

e 
to
le
ra
nc
e 

th
an

 
pr

ev
io

us
ly

 
th
ou
gh
t 

(M
cG
la
ss
on
, 

19
59

).
 

Su
ch

 
a 

sh
al
lo
w 

di
st

ri
bu

ti
on

 
al

so
 
gr
ea
tl
y 

ex
pa

nd
s 

th
e 

ta
xo

n'
s 

kn
ow

n 
ba

th
ym

et
ri

c 
ra

ng
e.

Of
fs

ho
re

 
Sa

n 
Di

eg
o,

 
in

 
th
e 

vi
ci
ni
ty
 

of
 

th
e 

Co
ro

na
do

 
Ba
nk
, 

Bu
tc
he
r 

(1
95
1)
 
re

co
ve

re
d 

Ho
eq
lu
nd
in
a 

el
eq
an
s 

be
tw

ee
n 

10
0 

an
d 

10
25
 
me

te
rs

, 
wi

th
 
th
e 

sp
ec

ie
s 

oc
cu

rr
in

g 
at
 
a 

hi
gh

er

re
la

ti
ve

 
fr
eq
ue
nc
y 

fr
om
 
60
0 

to
 
10

25
 
me

te
rs

. 
Uc

hi
o'

s 
(I
96
0)
 

st
ud
y 

fr
om

 
th
e 

sa
me
 
ar

ea
 
ob

ta
in

ed
 
bo

th
 
li
vi
ng
 
an
d 

de
ad
 
in
di
­ 

vi
du
al
s.
 

Th
e 

li
vi
ng
 
sp
ec
im
en
s 

of
 
th

is
 
sp
ec
ie
s 

ra
ng
ed
 
fr

om
 

14
6 

to
 
11
70
 
me
te
rs
 
wa

te
r 

de
pt

h,
 
pe

ak
in

g 
in
 
ab
un
da
nc
e 

at
 

7%
 

of
 

th
e 

to
ta

l 
li

vi
ng

 
fa
un
a 

at
 
a 

de
pt

h 
of

 
92
4 

me
te

rs
. 

In
 
th
e 

to
ta
l 

(l
iv
in
g 

pl
us
 
de

ad
) 

po
pu

la
ti

on
, 

ho
we
ve
r,
 

Ho
eq

lu
nd

i 
na

 
el

eq
an

s 
ma

xi
ma

ll
y 

co
mp

ri
se

d 
on
ly
 
1%
 
of

 
th
e 

fa
un

a 
an
d 

ra
ng
ed
 

fr
om
 
11
5 

to
 
11

70
 
me

te
rs

.
To

 
th
e 

so
ut

h,
 
th

is
 
sp

ec
ie

s 
ha

s 
al

so
 
be

en
 
re

co
ve

re
d 

of
f 

Me
xi
co
, 

Ce
nt

ra
l 

an
d 

So
ut

h 
Am

er
ic

a.
 

In
 
a 

st
ud
y 

of
 
re
ce
nt
 

se
di
me
nt
s 

in
 

To
do

s 
Sa
nt
os
 

Ba
y,

 
Ba

ja
 

Ca
li
fo
rn
ia
, 

Wa
lt

on
 

(1
95

5)
 

fo
un
d 

Ho
eq
lu
nd
in
a 

el
eq
an
s 

to
 

be
 

a 
me

mb
er

 
of

 
hi
s 

of
fs

ho
re

 
fa
un
a,
 
al
wa
ys
 
oc
cu
rr
in
g 

at
 
de
pt
hs
 
gr

ea
te

r 
th

an
 

73
2 

me
te
rs
 

an
d 

ex
te

nd
in

g 
do
wn
 
to
 
at
 
le

as
t 

10
97

 
me

te
rs

 
ou

ts
id

e 
th

e 
im
me
di
at
e 

vi
ci
ni
ty
 
of
 
th
e 

ba
y.
 

Of
f 

El
 

Sa
lv
ad
or
, 

th
is

 
sp

ec
ie

s 
wa

s 
as
so
ci
at
ed
 
wi
th
 
th
e 

Zo
ne

 
F 

fa
un

a 
of
 
Sm

it
h 

(1
96
4)
 

an
d 

wa
s 

fo
un
d 

to
 
ra

ng
e 

be
tw
ee
n 

80
0 

an
d 

17
00

 
me

te
rs

 
wa

te
r 

de
pt

h.
 

Ad
di

ti
on
al
ly
, 

th
is

 
ta
xo
n 

ap
pe

ar
ed

 
in

 
re

ce
nt

 
of

fs
ho

re
 

de
po

si
ts

 
co
ll
ec
te
d 

be
tw
ee
n 

Ac
ap
ul
co
 
an

d 
th
e 

Gu
lf

 
of

 
Pa

na
ma

, 
wh

er
e 

it
s 

de
pt
h 

ra
ng

e 
wa

s 
fr

om
 
77
7 

to
 
16

00
 
me

te
rs

 
(B

an
dy

 
an

d 
Ar

na
l,

 
19

57
).

 
Ho

eq
lu

nd
in

a 
el

eq
an

s 
no

rm
al

ly
 
co

mp
ri

se
d 

1%
 

or
 

le
ss

 
of

 
th

e 
fa

un
a 

in
 
th

is
 
s
t
u
d
y
,
B
u
t
 
re

ac
he

d 
a 
m
a
x
i
m
u
m
 
of

 
4%
 

at
 
13

53
 
me
te
rs
. 

Ba
nd
y 

an
d 

Ar
na
l'
s 

(1
95
7)
 
fa

un
al

 
as
si
gn
me
nt
 

of
 

th
is

 
ta

xo
n 

wa
s 

ve
ry
 
si

mi
la

r 
to
 
Sm

it
h'

s 
(1
96
4)
 
fo
r 

th
is
 

sa
me
 
re

gi
on

: 
th
e 

lo
we

r 
ba

th
ya

l.
 

Th
is

 
zo

on
e 

is
 
ch
ar
ac
te
ri
ze
d 

by
 

a 
te

mp
er

at
ur

e 
ra

ng
e 

of
 

2.
6 

to
 
3.
8°
C 

an
d 

a 
sa

li
ni

ty
 
of

 
ab

ou
t 

34
.7

°/
oo

 
at

 
a 

de
pt

h 
of
 
be

tw
ee

n 
12
19
 
an

d 
19

11
 
me

te
rs

 
of
 

wa
te
r 

(B
an

dy
 
an
d 

Ar
na

l,
 
19

57
).

 
Ho
eq
lu
nd
in
a 

el
eg
an
s*
 
ba

th
y­

 
me
tr
ic
 
ra

ng
e 

wa
s 

fo
un

d 
to
 

be
 
s
l
i
g
h
t
l
y
m
o
r
e
 

ex
te

ns
iv

e 
in

 
re

ce
nt

 
de

po
si

ts
 

of
 

th
e 

Pe
ru

-C
hi

le
 

Tr
en

ch
 

ar
ea

 
(I

ng
le

, 
Ke
ll
er
, 

an
d 

Ko
lp
ac

k,
 
19

80
).

 
Th

e 
sp
ec
ie
s 

wa
s 

re
co

ve
re

d 
fr
om
 

th
e 

sh
el

f-
ed

ge
 
to
 
th
e 

lo
we

r 
ba

th
ya

l 
zo

ne
, 

be
tw

ee
n 

th
e 

de
pt

hs
 

of
 
14
2 

an
d 

19
48
 
me

te
rs

, 
wi

th
 

a 
ra

re
 

oc
cu
rr
en
ce
 

at
 

35
50

 
me

te
rs

. 
It
 

co
mp

ri
se

d 
1.
5%
 
of

 
th
e 

fa
un

a 
at
 
a 

de
pt
h 

of
 
18
64
 

me
te
rs
, 

2.
4%

 
at
 
27
4 

me
te
rs
 
an
d 

a 
ma

xi
mu

m 
of
 

2.
8%
 

of
 

th
e 

as
se
mb
la
ge
 
at
 
a 

de
pt

h 
of
 
19
48
 
me
te
rs
.

Ho
eq
lu
nd
in
a 

el
eq

an
s 

is
 
kn
ow
n 

to
 
be
 

wi
de
sp
re
ad
 

in
 

th
e 

At
la

nt
ic

 
Oc

ea
n 

as
 
w
e
l
l
/
r
e
c
o
v
e
r
e
d
 
fr
om
 
de

pt
hs

 
be

tw
ee

n 
42

 
an

d 
43

30
 
me

te
rs

 
(P

hl
eg

er
 
an
d 

Pa
rk
er
, 

19
51
; 

Ph
le

ge
r,

 
Pa

rk
er

, 
an
d 

Pe
ir

so
n,

 
19

53
).

 
In
 
th
e 

lo
w 

la
ti
tu
de
s 

of
 
th
e 

No
rt
h 

At
la

nt
ic

 
an
d 

th
e 

eq
ua
to
ri
al
 
re

gi
on

, 
th

is
 
sp
ec
ie
s 

wa
s 

fo
un
d 

sc
at
te
re
d 

in
 

co
re
 

an
d 

su
rf

ac
e 

sa
mp
le
s 

co
ll
ec
te
d 

by
 
th

e 
Sw

ed
is

h 
De

ep
- 

Se
a 

Ex
pe

di
ti

on
. 

Re
ce
nt
 
in
di
vi
du
al
s 

ha
ve
 
be
en
 
co
ll
ec
te
d 

of
f 

Ta
mp

a,
 
Fl
or
id
a 

in
 
18

3 
me

te
rs

 
of
 
wa

te
r 

(B
an

dy
, 

19
54

) 
an

d 
we

re
 

co
ns
id
er
ed
 
a 

no
n-

do
mi

na
nt

 
pa

rt
 

of
 

th
e 

up
pe

r 
co
nt
in
en
ta
l 

sl
op

e 
fa

un
a 

(i
*
e
*r
 
Fa
un
a 

5)
 
in

 
a 

st
ud
y 

of
 
th
e 

di
st
ri
bu
ti
on
 

of
 
re

ce
nt

 
fo

ra
mi

ni
fe

rs
 
in

 
th

e 
co

as
ta

l 
wa

te
rs

 
of
f 

we
st

er
n 

Fl
or
id
a 

(B
an

dy
, 

19
57

).
 

Th
is

 
fa
un
a'
s 

de
pt
h 

ra
ng

e 
fe

ll
 

be
tw
ee
n 

77
 
an
d 

18
3 

me
te
rs
 
in

 
th
is
 
re

gi
on

. 
An
ot
he
r 

st
ud
y 

in
 

th
e 

Gu
lf
 

of
 

Me
xi

co
, 

bu
t 

fr
om

 
th
e 

no
rt

hw
es

te
rn

 
ar

ea
, 

di
sc
ov
er
ed
 
th
e 

ta
xo

n 
to
 
be

 
wi
de
sp
re
ad
 
an
d 

ch
ar

ac
te

ri
st

ic
 

of
 

ma
ny
 

de
ep

 
sa
mp

le
s 

(P
hl

eg
er

, 
19

51
b)

. 
He

re
, 

th
e 

sp
ec

ie
s 

ra
ng
ed
 
in
 
de
pt
h 

be
tw
ee
n 

90
 
an
d 

35
50

 
me

te
rs

.



In
 
th
e 

so
ut

hw
es

te
rn

 
At
la
nt
ic
, 

Hp
eg
lu
nd
i 
na
 

el
eq

an
s 

ha
s 

be
en

 
as

so
ci

at
ed

 
wi
th
 
bo

th
 
re

ce
nt

 
sh
al
lo
w 

wa
te
r 

an
d 

ab
ys

sa
l 

se
di

me
nt

s.
 

Bo
lt
ov
sk
oy
 

an
d 

ot
he
rs
 

(1
98

0)
, 

re
co

rd
ed

 
th
e 

sp
ec

ie
s 

in
 
re

ce
nt

 
sh

el
fa

l 
de
po
si
ts
 
an

d 
co

ns
id

er
ed

 
it

 
to

 
be
 
a 

eu
ha

li
ne

 
ta
xa
. 

On
 
th
e 

ot
he

r 
ha

nd
, 

Lo
hm
an
n 

(1
97
8)
 
fo

un
d 

Ho
e-

 
ql

un
di

 n
a 

el
eq
an
s 

to
 
ha

ve
 
it

s 
ma
xi
mu
m 

ab
un

da
nc

e 
be

tw
ee

n 
22
00
 

an
d 

40
00

 
me
te

rs
, 

be
in
g 

a 
ma
jo

r 
co

nt
ri

bu
to

r 
to
 

th
e 

di
ve
rs
e 

fa
un

al
 

as
se
mb
la
ge
 

as
so

ci
at

ed
 

wi
th

 
th
e 

No
rt

h 
At
la
nt
ic
 
De

ep
 

Wa
te

r 
in

 
th

is
 
re
gi
on
.

Ho
eq

lu
nd

in
a 

el
eq
an
s 

is
 
an
 
ar

ag
on

it
ic

 
be
nt
ho
ni
c 

fo
ra
mi
n-
 

if
er
 

(B
an

dy
, 

19
54

) 
wh
ic
h 

re
si

de
s 

in
 
a 

wi
de
 
ge
og
ra
ph
ic
al
 

re
gi
on
 
in

 
wa

te
rs

 
th
at
 
ar
e 

hi
gh

ly
 
va

ri
ab

le
 
in
 
de
pt
h 

an
d 

te
m­
 

pe
ra

tu
re

 
(B

an
dy

 
an

d 
Ar
na
l,
 
19

57
).

 
It

 
is

 
a 

ta
xo

n 
co
mm
on
ly
 

fo
un
d 

in
 
th
e 

ea
st

er
n 

Pa
ci

fi
c 

fr
om

 
th

e 
Al
eu
ti
an
 

Is
la
nd
s 

-t
o 

Ch
il

e,
 

as
 

we
ll

 
as
 

in
 
th

e 
Gu

lf
 
of

 
Me

xi
co

 
an
d 

th
e 

Me
di

te
r­

 
ra
ne
an
 
Se
a 

(B
an

dy
 
an
d 

Ch
ie

ri
ci

, 
19
66
).
 

It
 
is

 
co

ns
id

er
ed

 
an
 

is
ob

at
hy

al
 

sp
ec
ie
s,
 

in
 

th
at
 

it
 

ex
hi

bi
ts

 
ne
ar
ly
 
th

e 
sa

me
 

up
pe
r 

de
pt
h 

li
mi

t 
in

 
nu
me
ro
us
 

oc
ea
ni
c 

re
al
ms
 

(B
an
dy
 

an
d 

Ch
ie
ri
ci
, 

19
66

).
 

In
 

it
s 

ca
se
, 

th
at
 
up
pe
r 

li
mi
t 

ha
s 

be
en

 
de

fi
ne

d 
by
 
Ba
nd
y 

an
d 

Ch
ie

ri
ci

 
(1
96
6)
 
to
 
be
 
10

0 
me

te
rs

, 
gi
ve
 

or
 

ta
ke

 
50
 
me
te
rs
. 

Bu
t 

ev
id

en
ce

 
su
gg

es
ts
 
th

at
 
Ho
eq
lu
nd
in
a 

el
eq

an
s 

is
 
no
t 

al
wa

ys
 
as

so
ci

at
ed

 
wi

th
 

su
ch

 
s
h
a
l
l
o
w
d
e
p
t
h
s
 

(B
an

dy
, 

19
53

a,
 

19
63

b;
 
Ba
nd
y 

an
d 

Ar
na

l,
 
19
57
; 

Sm
it
h,
 
19

64
, 

19
73

; 
Wa
lt
on
, 

19
55

; 
Sl

it
er

 
an
d 

Ba
ke
r,
 

19
72

).
 

As
 

ne
ar
ly
 

eq
ua

l 
nu

mb
er

s 
of

 
st

ud
ie

s 
ha
ve
 
be

en
 
pr
od
uc
ed
 
to
 
su

pp
or

t 
it

s 
pr
es
en
ce
 
in

 
bo
th
 
sh
al
lo
w 

an
d 

de
ep

 
wa

te
r 

as
se
mb
la
ge
s,
 
no
 
co

n­
 

cl
us
io
n 

re
ga

rd
in

g 
it

s 
ba

th
ym

et
ri

c 
si

gn
if

ic
an

ce
 
ca

n 
be
 
fo

rm
u­

 
la
te
d.
 

At
 
th

is
 
ti

me
 
it
 
is

 
st
il
l 

un
cl

ea
r 

wh
ic

h 
en

vi
ro

nm
en

ta
l 

fa
ct
or
, 

if
 
an
y,
 
co

nt
ro

ls
 
it
s 

di
st

ri
bu

ti
on

. 
Te

mp
er

at
ur

e 
do
es
 

no
t 

se
em
 
to

 
be

 
a 

vi
ab
le
 
ca

nd
id

at
e,

 
as
 
Cr

ou
ch

 
(1
95
2)
 
fo

un
d 

it
 

as
so
ci
at
ed
 

wi
th
 
wa
te
rs
 
be

tw
ee

n 
2.
5 

an
d 

13
.0

°C
. 

In
 
ad

di
ti

on
, 

th
e 

sp
ec

ie
s 

ha
s 

be
en

 
re

co
ve

re
d 

fr
om

 
th
er
ma
ll
y 

va
ri
ab
le
 

wa
te
rs
 

(e
.g
.,
 
su

rr
ou

nd
in

g 
Sa

nt
a 

Ca
ta

li
na

 
Is
la
nd
; 

Mc
Gl
as
so
n,
 

19
59

) 
as
 
we

ll
 
as

 
th
e 

ab
ys

sa
l 

re
gi

on
 

wh
er

e 
th
e 

te
mp

er
at

ur
e 

al
te

rs
 

ve
ry

 
li
tt
le
 
at
 
al
l 

(P
hl

eg
er

, 
19
60
; 

Do
ug
la
s 

an
d 

Wo
o­
 

dr
uf

f,
 
19

81
).

 
wh
at
 

ha
s 

be
en
 

se
en
 

is
 

th
at

 
Ho
eq
lu
nd
in
a 

el
eq

an
s'

 
si

ze
 

ma
y 

re
fl
ec
t 

wa
te
r 

te
mp
er
at
ur
e,
 
in
cr
ea
si
ng
 
in
 

di
am

et
er

 
wi
th

 
de

cr
ea

si
ng

 
te

mp
er

at
ur

e 
(B
an
dy
, 

19
63

b)
. 
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es
, 

wh
er
e 

it
 

co
mp

ri
se

d 
<1
% 

of
 

th
e 

as
se

mb
la

ge
. 

To
dd

 
an
d 

Lo
w 

(1
96
7)
 
al

so
 
re
po
rt
 
it

s 
oc

cu
rr

en
ce

 
in

 
th

e 
Al
as
ka
n 

re
gi
on
, 

bu
t 

at
 

on
ly
 

on
e 

of
 

th
ei

r 
lo

ca
li

ti
es

: 
th

e 
Cl
ar
en
ce
 
St
ra
it
 
of
 

so
ut

he
as

te
rn

 
Al

as
ka

. 
At

 
th

is
 

si
te
, 

th
e 

sp
ec

ie
s 

oc
cu
rr
ed
 

ab
un
da
nt
ly
 

in
 
a 

sa
mp

le
 
ta
ke
n 

at
 
39
3 

me
te
rs
. 

Th
e 

sp
ec
im
en
s,
 

in
cl
ud
in
g 

th
ei
r 

sp
in

os
e 

ke
el
s,
 
we
re
 
be

au
ti

fu
ll

y 
pr

es
er

ve
d.

Co
ns
id
er
ab
ly
 
fa

rt
he

r 
so
ut
h,
 

Lo
xo
st
om
um
 

ps
eu
do
be
yr
ic
hi
 

ha
s 

be
en

 
no

te
d 

of
f 

Sa
nt

a 
Ba

rb
ar

a,
 
Ca

li
fo

rn
ia

. 
Ha

rm
an

 
(1
96
4)
 

fo
un
d 

it
 
fr
om
 
39
6 

to
 
58
8 

me
te

rs
 
in

 
re
ce
nt
 
se

di
me

nt
s 

of
 

th
e 

Sa
nt

a 
Ba
rb
ar
a 

Ba
si

n.
 

Th
e 

sp
ec

ie
s 

co
mp

ri
se

d 
21
% 

of
 
th
e 

to
ta

l

fa
un
al
 
as

se
mb

la
ge

 
at
 
a 

de
pt

h 
of

 
52

3 
me

te
rs

. 
He

 
co
nc
lu
de
d 

th
at
 

it
 

wa
s 

a 
me
mb
er
 
of

 
hi

s 
co

sm
op

ol
it

an
 
fa
un
a,
 
ac
co
un
ti
ng
 

fo
r,
 
on
 
th
e 

av
er
ag
e,
 
7%

 
an
d 

4%
 
of

 
th
e 

sl
op

e 
an
d 

ba
si
n 

as
se

m­
 

bl
ag

es
, 

re
sp
ec
ti

ve
ly

. 
Th
is
 
ta

xo
n 

wa
s 

al
so
 
fo
un
d 

wi
th
in
 
th
e 

lo
w-
ox
yg
en
 
zo

ne
 
of

 
th
e 

ba
si

n,
 
wh
er
e 

th
e 

in
di
vi
du
al
s 

ex
hi
­ 

bi
te

d 
dw

ar
fe

d,
 

th
in

 
an

d 
ve
ry
 
fr

ag
il

e 
mo

rp
ho

lo
gi

es
. 

In
 
th
e 

ne
ar

by
 
Sa
nt
a 

Cr
uz

 
Ba

si
n,

 
Re

si
g 

(1
95
8)
 

fo
un

d 
th
e 

sp
ec
ie
s 

be
tw
ee
n 

ap
pr
ox
im
at
el
y 

54
0 

an
d 

11
00

 
me

te
rs

, 
wi

th
 
th
e 

si
ll
 

de
pt
h 

of
 
th
e 

ba
si

n 
ly

in
g 

at
 
10
83
 
me

te
rs

. 
No

 
li

vi
ng

 
Lo
xo
s­
 

to
mu
m 

ps
eu

do
be

yr
ic
hi
 
we
re
 
en

co
un

te
re

d 
in

 
he
r 

st
ud

y.
 

Qu
at

er
­ 

na
ry
 
de

po
si

ts
 
in

 
th
e 

Sa
nt

a 
Ba

rb
ar

a 
Ch
an
ne
l 

co
nt
ai
ne
d 

th
is

 
ta

xo
n 

as
 

we
ll

, 
wi

th
 
it

s 
up
pe
r 

de
pt
h 

li
mi

t 
si

tu
at

ed
 
in

 
th
e 

lo
we

r 
up
pe
r 

ba
th

ya
l 

zo
ne

 
be

tw
ee

n 
32
5 

an
d 

45
7 

me
te

rs
 

(M
ar

ks
 

an
d 

ot
he

rs
, 

19
80

).
In
 
a 

co
mp
re
he
ns
iv
e 

st
ud
y 

of
 
th
e 

fo
ra

mi
ni

fe
rs

 
of

 
el
ev
en
 

of
fs
ho
re
 

ba
si
ns
 

fr
om

 
Sa
nt
a 

Ba
rb
ar
a 

to
 
Sa
n 

Di
eg

o,
 
Cr

ou
ch

 
(1
95
2)
 
de
te
rm
in
ed
 
th

at
 
Lo
xo
st
om
um
 

ps
eu
do
be
yr
 i
ch
 i 

wa
s 

mo
st
 

co
mm
on
 

in
 

ba
si
na
l 

wa
te
rs
 
be
tw
ee
n 

4.
0 

an
d 

5.
OX

:,
 
wh
er
ea
s 

it
 

wa
s 

ve
ry
 
ra
re
 
in

 
wa

te
r 

te
mp

er
at

ur
es

 
be

lo
w 

3.
St

. 
Th
e 

sp
ec
ie
s 

wa
s 

al
so

 
re
co
ve
re
d 

be
tw
ee
n 

49
4 

an
d 

th
e 

st
ud
y'
s 

li
mi

t 
of
 
84
1 

me
te
rs
 
in

 
th
e 

Sa
nt
a 

Mo
ni
ca
 
Ba
y,
 
wh

er
e 

it
 
co
mp
ri
se
d 

on
ly

 
1%

 
or

 
le

ss
 
of
 
th
e 

to
ta

l 
fa
un
a 

(Z
al

es
ny

, 
19

59
).

 
Na
tl
an
d 

(1
93
3,
 

19
50

) 
fo
un
d 

th
is

 
sp
ec
ie
s 

of
f 

so
ut
he
rn
 
Ca
li
fo
rn
ia
 
fr
om
 
40

0 
to

 
13

00
 

me
te
rs
, 

an
d 

Cu
sh

ma
n 

an
d 

Mo
ye
r 

(1
93
0)
 
no

te
d 

th
at

 
it
s 

mo
st

 
ty
pi
ca
l 

an
d 

ab
un
da
nt
 

sp
ec
im
en
s 

we
re

 
pr

es
en

t 
at

 
73
2 

me
te

rs
 

of
f 

Sa
n 

Pe
dr

o.
 

Th
e 

ta
xo

n 
ha
s 

al
so

 
be
en
 
co
ns
id
er
ed
 
a 

co
ns

ti
tu

en
t 

of
 
th

e 
up
pe
r 

ba
th
ya
l 

bi
of
ac
ie
s,
 

ly
in
g 

be
tw

ee
n 

15
0 

an
d 

50
0 

me
te

rs
, 

in
 
a 

st
ud
y 

of
 
th

e 
so
ut
he
rn
 
Ca
li
fo
rn
ia
 

co
nt

in
en

ta
l 

bo
rd

er
la

nd
 
(I

ng
le

, 
19

80
).

In
 
th
e 

vi
ci

ni
ty

 
of

 
th
e 

Co
ro

na
do

 
Ba

nk
 

of
f 

Sa
n 

Di
eg
o,
 

Bu
tc
he
r 

(1
95
1)

 
re

co
ve

re
d 

Lo
xo

st
om

um
 
ps
eu
do
be
yr
ic
hi
 
in
 
lo
w 

re
la
ti
ve
 
fr

eq
ue

nc
ie

s 
in

 
re
ce
nt
 
de
po
si
ts
 
be

tw
ee

n 
50
0 

an
d 

81
0 

me
te

rs
 

wa
te

r 
de

pt
h.

 
Uc
hi
o 

(1
96
0)
 

al
so

 
di
sc
ov
er
ed
 

lo
w 

am
ou

nt
s 

of
 
th
e 

sp
ec
ie
s 

in
 
hi
s 

st
ud
y 

of
 
th
e 

sa
me

 
ar

ea
, 

fi
nd

­ 
in

g 
th

e 
to

ta
l 

po
pu
la
ti
on
 

to
 

ra
ng
e 

be
tw

ee
n 

32
9 

an
d 

th
e 

st
ud
y'
s 

li
mi
t 

of
 
11
89
 
me

te
rs

 
in

 
ab
un
da
nc
es
 
of
 

us
ua
ll
y 

<1
%.
 

Th
e 

li
ve
 

po
pu

la
ti

on
 
of

 
th
e 

sp
ec
ie
s 

wa
s 

ne
ar

ly
 
id

en
ti

ca
l 

in
 

oc
cu

rr
en

ce
, 

ra
ng

in
g 

fr
om

 
a 

de
pt

h 
of
 
32
9 

to
 
11
25
 
me
te
rs
. 

At
 

on
e 

lo
ca
li
ty
, 

th
e 

ab
un
da
nc
e 

of
 
li
vi
ng
 
in

di
vi

du
al

s 
pe

ak
ed

 
at
 

7%
 
of
 
th

e 
to

ta
l 

fa
un
al
 
as

se
mb

la
ge

.
Lo

xo
st

om
um
 

ps
eu
do
be
yr
ic
hi
 

,h
as

 
be
en
 

dr
ed
ge
d 

fr
om

 
o
f
f
s
h
o
r
e
M
e
x
i
c
o
 
as
 
we

ll
. 

Th
e 

Al
la
n 

Ha
nc

oc
k 

Pa
ci

fi
c 

Ex
pe
di
­ 

ti
on

 
re

co
ve

re
d 

sp
ec
im
en
s 

ne
ar

 
Lo

s 
Fr
ai
le
s 

Po
in
t 

in
 

29
3 

me
te
rs
 

of
 
wa
te
r 

(C
us
hm
an
 
an
d 

Mc
Cu
ll
oc
h,
 
19

42
),

 
wh

il
e 

Wa
lt

on
 

(1
95
5)
 
fo
un
d 

li
vi
ng
 
an
d 

de
ad

 
sp
ec
im
en
s 

as
so
ci
at
ed
 

wi
th

 
hi

s 
of
fs
ho
re
 

fa
un
a 

in
 

To
do

s 
Sa
nt
os
 
Ba
y,
 
Ba

ja
 
Ca

li
fo

rn
ia

. 
In

 
th
is
 
la
tt
er
 
wo
rk
, 

th
e 

ta
xo

n 
wa
s 

re
po

rt
ed

 
fr
om
 
de

pt
hs

 
gr
ea
te
r 

th
an

 
ap
pr
ox
im
at
el
y 

64
0 

me
te

rs
 
do
wn
 
to
 
th
e 

re
gi
on
 
ou
ts
id
e 

th
e 

ba
y 

wh
ic
h 

li
es

 
at

 
le
as
t 

in
 
10
97
 
me

te
rs

 
of

 
wa

te
r.

 
In
 

th
e 

Gu
lf

 
of

 
Ca
li
fo
rn
ia
, 

re
ce

nt
 

up
pe
r 

ba
th

ya
l 

se
di
me
nt
s,
 

in
 

wa
te
rs
 
fr
om
 
4.

5 
to
 
6.

0C
 
at

 
a 

de
pt
h 

of
 

36
6 

to
 

61
0 

me
te

rs
, 

co
nt

ai
ne

d 
Lo

xo
st
om
um
 

ps
eu
do
be
yr
ic
hi
 

in
 
le
ss
 
th

an
 
do
mi
na
nt
 

pe
rc

en
ta

ge
s 

(B
an
dy
, 
1
9
6
1
)
.
C
u
s
h
m
a
n
 

an
d 

Mc
Cu
ll
oc
h 

(1
94
2)
 

al
so
 

re
po
rt
 

fi
nd
in
g 

th
is
 
sp

ec
ie

s 
at

 
27
4 

me
te

rs
 
wa

te
r 

de
pt
h

CD
 

CO



00

in
 
th
e 

re
gi
on
, 

wh
il
e 

Ma
to
ba
 
an

d 
Ya
ma
gu
ch
i 

(1
98
2)
 
re

po
rt

 
it
s 

pr
es
en
ce
 
in
 
co

re
d 

ma
te

ri
al

 
ob
ta
in
ed
 
by

 
th
e 

De
ep

 
Se
a 

Dr
il

li
ng

 
Pr

oj
ec

t 
in

 
th
e 

Gu
ay
ma
s 

Ba
si
n 

of
 
th
e 

Gu
lf
. 

Fr
om
 
th
e 

co
mb

in
ed

 
ec
ol
og
ic
al
 

in
fo

rm
at

io
n 

re
po

rt
ed

 
by
 
Ba
nd
y 

(1
96
1)
 
an
d 

Ph
le
ge
r 

(1
96

4,
 
19

65
),

 
Ma

to
ba

 
an

d 
Ya

ma
gu

ch
i 

(1
98
2)
 

co
nc

lu
de

d 
th

at
 

th
is
 

sp
ec

ie
s 

wa
s 

as
so
ci
at
ed
 
wi
th
 
th
e 

up
pe

r 
an
d 

up
pe

r 
mi
dd
le
 

ba
th

ya
l 

zo
ne

s,
 
ra
ng
in
g 

fr
om

 
ap

pr
ox

im
at

el
y 

37
5 

to
 
15

50
 
me
te
rs
 

wa
te
r 

de
pt
h.
 

In
 
th
ei

r 
La

te
 
Pl

io
ce

ne
 
to
 
Ho

lo
ce

ne
 
de
po
si
ts
, 

Lo
xo

st
om

um
 
ps
eu
do
be
yr
ic
hi
 
co

mp
ri

se
d 

up
 
to
 
9%

 
of

 
th
e 

to
ta
l 

f
a
u
n
a
l
a
s
s
e
m
b
l
a
g
e
.
P
l
i
o
c
e
n
e
 
to
 
Pl

ei
st

oc
en

e 
re
ma
in
s 

of
 
th
e 

sp
ec
ie
s 

we
re
 
al
so
 
re
co
ve
re
d 

fr
om
 
ou
tc

ro
ps
 
on
 
fo
ur
 
is

la
nd

s 
in
 

th
e 

Gu
lf
 

of
 

Ca
li
fo
rn
ia
 
ob
ta
in
ed
 
on
 
th
e 

19
40
 
cr
ui
se
 
of
 
th
e 

5'
W.
 

Sc
ri
pp
s 

(N
at

la
nd

, 
19
50
).

Of
f 

Ce
nt
ra
l 

Am
er
ic
a,
 
th

is
 
sp

ec
ie

s 
ha

s 
be

en
 
re
po
rt
ed
 
-t

o 
oc
cu
r 

be
tw
ee
n 

29
0 

an
d 

21
10

 
me
te
rs
 
of
 
wa
te
r 

(N
at

la
nd

, 
19

50
).

 
In

 
a 

st
ud
y 

fr
om

 
Ac
ap
ul
co
 
to

 
th
e 

Gu
lf

 
of

 
Pa
na
ma
, 

Ba
nd
y 

an
d 

Ar
na

l 
(1
95
7)
 
co

ns
id

er
ed

 
Lo
xo
st
om
um
 
ps

eu
do

be
yr

ic
hi

 
a 

pa
rt

 
of
 

th
ei
r 

ou
te
r 

sh
el

f 
a
s
s
e
m
b
l
a
g
e
,
i
n
h
a
b
i
t
i
n
g
 

wa
te
rs
 

ch
ar
ac
te
r­
 

iz
ed
 
by
 
a 

te
mp

er
at

ur
e 

ra
ng

e 
of

 
14

.0
 
to
 
20
.(
fc
 
an
d 

sa
li

ni
ty

 
of
 

fr
om

 
34

.2
 
to
 
34
.6
°/
oo
 
at

 
a 

de
pt
h 

of
 

46
 

to
 

12
2 

me
te
rs
. 

Sp
ec

if
ic

al
ly

, 
th

is
 
sp

ec
ie

s 
wa

s 
fo

un
d 

to
 
ra

ng
e 

be
tw

ee
n 

90
 
an
d 

96
9 

me
te
rs
, 

wh
er
e 

it
 
co

mp
ri

se
d 

up
 
to
 
2%
 
of
 
th
e 

fa
un
a.
 

Th
e 

au
th

or
s 

no
te

d 
th

e 
di

sc
re

pa
nc

y 
be
tw
ee
n 

th
ei

r 
sh
al
lo
w 

wa
te
r 

as
si

gn
me

nt
 
of
 
th
e 

ta
xo
n 

an
d 

Wa
lt
on
's
 
(1
95
5)
 
co
nc
lu
si
on
 

th
at

 
it
 

wa
s 

to
 

be
 
fo
un
d 

de
ep
er
 
th
an
 
64
0 

me
te
rs
 
at
 
To
do
s 

Sa
nt
os
 

Ba
y.

Al
on
g 

th
e 

co
as

t 
of

 
El

 
Sa
lv
ad
or
, 

Lo
xo
st
om
um
 
ps

eu
do

be
yr

i­
 

ch
i 

wa
s 

ob
se

rv
ed

 
to
 
ha

ve
 
a 

de
pt
h 

ra
ng

e 
of
 
fr

om
 
43

5 
to
 
17

00
 

me
te

rs
, 

oc
cu

rr
in

g 
co
mm
on
ly
 

at
 

45
0,
 

80
0 

an
d 

88
5 

me
te

rs
, 

ra
re

ly
 

at
 

16
00

 
me

te
rs

, 
an
d 

ve
ry
 

ra
re

ly
 
at
 
43

5 
an

d 
17

00
 

me
te
rs
 
(S

mi
th

, 
19

63
a,

 
19
64
).
 

Th
e 

sp
ec
ie
s 

wa
s 

co
ns

id
er

ed
 

pa
rt
 

of
 

Sm
it
h'
s 

(1
96
4)
 
Zo
ne
 
E,
 
wh

ic
h 

is
 
eq

ui
va

le
nt

 
to
 
th

e 
mi
dd
le
 
ba
th
ya
l 

zo
an
e 

of
 
Ba
nd
y 

an
d 

Ar
na
l 

(1
95
7)
, 

an
d 

wa
s 

fo
un

d 
as

so
ci

at
ed

 
wi
th
 

Ca
ss

id
ul

in
a 

tu
mi
da
, 

C.
 

cu
sh
ma
ni
, 

Bo
li
vi
na
 
ar

qe
nt

ea
 
an
d 

B.
 
s
e
m
i
n
u
d
T
I
S
m
i
t
h
 
(1
96
3a
, 

19
64
) 

al
so

 
in

ve
st

 i
ga
te
a 

st
ru

ct
ur

al
 

ch
an
ge
s 

in
 

so
me

 
fo
ra
mi
ni
fe
rs
, 

in
cl
ud
in
g 

Lo
xo

st
om

um
 
ps
eu
do
be
yr
ic
hi
, 

wi
th
 

ba
th
ym
et
ry
. 

Sh
e 

co
nc
lu
de
d 

th
at

, 
co

nt
ra

ry
 
to
 
ot

he
r 

Bo
li

vi
ni

da
e 

en
co

un
te

re
d 

in
 

th
is

 
st
ud
y 

wh
ic
h 

ex
hi
bi
te
d 

hi
gh
ly
 
va
ri

ab
le
 
mo

rp
ho

lo
gi

es
 
wi
th
 

de
pt

h 
(e
.g
.,
 

Bo
li

vi
na

 
se

mi
nu

da
, 

B.
 

in
te
rj
un
ct
a,
 
B.
 
bi
co
s-
 

ta
ta

 
an
d 

B.
 
su
ba
dy
en
a)
, 

Lo
xp
st
om
um
~p
su
ed
pb
ey
ri
ch
i 

wa
s 

qu
it

e 
c
o
n
s
i
s
t
e
n
F
 
T
n
s
h
a
p
e
 
an
d 
s
i
z
e
.
A
l
t
h
o
u
g
h
 
re
pr
es
en
ta
ti
ve
s 

of
 

th
e 

sp
ec

ie
s 

di
d 

no
t 

va
ry
 
in

 
le

ng
th

 
or
 

gr
ow

th
 

in
de
x,
 

th
ei
r 

ke
el
s 

sh
ow

ed
 

a 
co
ns
is
te
nt
 

pa
tt

er
n 

wi
th
 
de

pt
h:

 
th
ey
 
we
re
 

ex
tr

em
el

y 
na
rr
ow
 
in

 
th
e 

sh
al

lo
we

r 
sa
mp
le
s 

at
 

43
5 

an
d 

45
0 

me
te
rs
 

an
d 

we
re
 

wi
de
 
an
d 

fr
ag

il
e 

in
 
th

e 
de

ep
er

 
wa

te
r.

 
In

 
th
e 

ra
re

 
ap
pe
ar
an
ce
s 

of
 

Lo
xo
st
om
um
 

ps
eu

do
be

yr
ic

hi
 

in
 

th
e 

Mo
nt
er
ey
 

Fa
n 

de
po

si
ts

, 
bo

th
 
ke

el
ed

 
an
d 

no
n-
ke
el
ed
 
in
di
vi
du
- 

al
s 

ar
e 

pr
es
en
t.
 
Fo

r 
ex
am
pl
e,
 
at

 
13
3.
5 

to
 
13

6.
5 

cm
 
do
wn
co
re
, 

80
% 

of
 
th
is
 
sp
ec
ie
s 

ex
hi

bi
te

d 
th
e 

mo
rp

ho
lo

gi
c 

pa
tt

er
n 

of
 
th

e 
wi

de
 
an
d 

fr
ag
il
e 

ke
el
, 

wh
il
e 

th
e 

re
ma
in
de
r 

di
sp

la
ye

d 
vi
rt
u­
 

al
ly
 

no
 

ke
el

s 
wh
at
so
ev
er
. 

Th
er
ef
or
e,
 
Sm
it
h'
s 

ge
ne

ra
li

za
­ 

ti
on
s 

re
ga

rd
in

g 
ba
th
ym
et
ry
 
an

d 
mo

rp
ho

lo
gy

 
of
 

th
is

 
sp
ec
ie
s 

of
f 

El
 

Sa
lv
ad
or
 

ma
y 

no
t 

ap
pl
y 

to
 

of
fs
ho
re
 

no
rt

he
rn

Ca
li

fo
rn

ia
 
re
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s 

po
mp

il
io

id
es

, 
Ho

eg
lu

nd
in

a 
el

eg
an

s 
an

d 
pa

rt
ic

ul
ar

ly
 
hi
gh
 
ab

un
da

nc
es

 
of

 
Uv
iq
er
in
a 

se
nt

ic
os

a.
 

"T
hi

s 
as
se
mb
la
ge
 

wa
s 

al
so
 
f
o
u
n
d
T
H
 

sa
mp

le
s.

..
ta

ke
n 

fr
om

 
th

e 
se
a 

fl
oo

r 
of
f 

Mo
nt
er
ey
 

Ca
ny
on
 

at
 

a 
de
pt
h 

of
 

ab
ou
t 

20
00

 
fa

th
om
s 

[3
65

8m
].

" 
Oc
ea
no
- 

gr
ap
hi
c 

pa
ra
me
te
rs
 
of

 
th
is
 
zo
ne
, 

ta
ke
n 

at
 

a 
de
pt
h 

of
 

35
84

o 
me
te
rs
, 

in
cl

ud
e 

th
e 

fo
ll
ow
in
g:
 

te
mp
er
at
ur
e 

of
 

1.
53

C,
 
sa
li
ni
ty
 
of

 
fr
om
 
34

.6
6 

to
 
34

.6
8°

/o
o 

an
d 

an
 

ox
y­

 
ge

n 
co

nt
en

t 
of
 
be

tw
ee

n 
2.
9 

an
d 

3.
0 

ml
/1

.
Cr
ou
ch
, 

19
52
, 

R,
 
11

 
de

ep
 
ba
si
ns
 
of

f 
so

ut
he

rn
 
CA

.
Sp

ec
ie

s 
ci
s 

ab
un
da
nt
 
in

 
wa
te
r 

te
mp
er

at
ur

es
 

be
tw
ee
n 

1.
7 

an
d 

5.
0C
. 

"S
im
il
ar
 
fo
rm
s 

fo
un

d 
in

 
th
e 

No
rt

h 
At
la
nt
ic
, 

we
st
 
of

 
Ir

el
an

d.
..

" 
at
 
a 

de
pt
h 

of
 
ne
ar
ly
 
91

5 
me

te
rs

In
gl
e,
 
19

80
, 

Te
rt
ia
ry
, 

so
. 

CA
. 

co
nt

in
en

ta
l 

bo
rd

er
la

nd
.

"S
pe
ci
es
 

ex
hi
bi
ti
ng
 

tr
an

si
ti

on
al

 
di

st
ri

bu
ti

on
s 

fr
om

up
pe

r 
mi
dd
le
 
[5
00
 
to
 
15

00
 
me

te
rs

] 
to

 
lo
we
r 

mi
dd
le
 
[1
50
0 

to
 
20

00
 
me
te
rs
] 

ba
th
ya
l 

de
pt
hs
."

Ba
nd
y,
 
19
61
, 

R,
 
Gu

lf
 
of

 
CA
. 

, 
in

te
rt

id
al

-1
00

0+
 
fa
th
om
s.

Th
is
 
sp
ec
ie

s 
wa

s 
fo

un
d 

to
 
be

 
a 

do
mi

na
nt

 
me

mb
er

 
of
 

th
e 

lo
we

r 
mi
dd
le
 

ba
th

ya
l 

bi
of

ac
ie

s 
be

tw
ee

n 
th
e 

de
pt
hs
 
of
 

15
24
 
an
d 

18
29

 
me

te
rs

, 
wi
th
 
wa

te
r 

te
mp
er
at
ur
es
 

ra
ng

in
g 

fr
om

 
2.
0 

to
 
2.

5*
C.

Ba
nd
y 

fc 
Ar

na
l,

 
19
57
 
(?

),
 
R,

 
W.

 
co

as
t 

of
 
Ce

nt
ra

l 
Am

er
ic

a.
Li
st
ed
 
as
 
No
ni
on
 
cf

. 
ba
rl
ee
an
us
 

by
 

Ba
nd
y 

an
d 

Ar
na

l,
 

th
is

 
ta

xo
n 

wa
s 

re
co
ve
re
d 

be
tw

ee
n 

th
e 

de
pt
hs
 
of
 
11

43
 
an

d 
19
11
 
me
te
rs
 
in

 
a 

st
ud

y 
fr

om
 
Ac

ap
ul

co
 

to
 

th
e 

Gu
lf

 
of

 
Pa
na
ma
. 

Th
e 

sp
ec
ie
s 

co
mp
ri
se
d 

2%
 
of

 
th

e 
fa

un
a 

at
 
a 

de
pt

h 
of

 
14
00

 
me

te
rs

, 
3%
 

of
 

th
e 

as
se

mb
la

ge
 

at
 

16
00

 
me
te
rs
 

an
d 

4%
 

of
 

th
e 

fa
un

a 
at
 
19
11
 
me

te
rs

. 
It

 
wa
s 

fo
un
d 

to
 
be
 
a 

le
ss

 
ab

un
da

nt
 
me
mb
er
 
of
 
th
e 

lo
we

r 
ba

th
ya

l 
fa
un
a,
 

wh
ic

h 
Ba
nd
y 

an
d 

Ar
na

l 
su
gg
es
te
d 

wa
s 

pr
es

en
t 

be
tw
ee
n 

th
e 

de
pt
hs
 
of

 
12

19
 

an
d 

19
11
 

me
te
rs
. 

Th
es
e 

wa
te
rs
 

we
re

 
ch
ar
ac
te
ri
ze
d 

by
 
a 

te
mp
er
at
ur
e 

ra
ng

e 
fr

om
 

2.
6 

to
 

3.
8*
fc
 
an

d 
a 

sa
li

ni
ty

 
of

 
ap
pr
ox
im
at
el
y 

34
.7

°/
oo

. 
Th

e 
ta

xo
n 

wa
s 

fo
un

d 
as
so
ci
at
ed
 
wi
th
 
Pu
ll
en
ia
 
bu

ll
oi

de
s,

 
Py

rg
o 

mu
rr
hi
na
, 

Va
ly

ul
in

er
ia

 
ar

au
ca

na
, 

V.
 

gl
ab
ra
 

a"
nd

 
Vi

rq
ul

in
a 

[F
ur

se
nk

oi
na

] 
no

do
sa

. 
~

Sm
it

h"
] 

19
64
, 

R,
 
El

 
Sa

lv
ad

or
 

fc 
Ni

ca
ra

gu
a.

Fo
un
d 

be
tw
ee
n 

th
e 

de
pt

hs
 
of

 
16

00
 
an

d 
31

00
 
me

te
rs

In
gl
e,
 
Ke
ll
er
 

fc 
Ko
lp
ac
k,
 
19
80
, 

R,
 
Pe

ru
-C

hi
le

 
Tr

en
ch

.
Th
is
 
sp
ec
ie

s 
wa
s 

fo
un

d 
be
tw
ee
n 

th
e 

de
pt
hs
 

of
 

80
0 

an
d 

35
50

 
me
te
rs
 

in
 

th
e 

Pe
ru
-C
hi
le
 

Tr
en
ch
 

re
gi
on
. 

It
 

co
mp

ri
se

d 
1.
8%
 
of

 
th
e 

fa
un

a 
at

 
a 

de
pt

h 
of

 
18
64
 

me
te
rs
 

an
d 

a 
ma

xi
mu

m 
of

 
2.

5%
 
of
 
th
e 

as
se
mb
la
ge
 
in

 
80
0 

me
te
rs
 

of
 
wa

te
r.

 
Th

e 
au
th
or
s 

co
ns

id
er

ed
 
Me

lo
ni

s 
ba

rl
ee

an
us

 
a 

no
n-
do
mi
na
nt

, 
ye

t 
si
gn
if
ic
an
t,
 
me
mb
er
 
of

 
th
e 

up
pe
r 

mi
d-
 

dl
e 

ba
th
ya
l 

bi
of

ac
ie

s 
be
tw
ee
n 

th
e 

de
pt
hs
 

of
 

50
0 

an
d 

15
00

 
me

te
rs

.
Ph

le
ge

r,
 
Pa
rk
er
 
an

d 
Pe
ir
so
n,
 
19

53
, 

R,
 
eq

.-
N.

 
At
la
nt
ic
.

Th
e 

au
th
or
s 

st
at
e 

th
at

 
".
..
to
o 

mu
ch

 
co

nf
us

io
n 

[e
xi
st
s]
 

wi
th
in
 

th
is

 
gr
ou
p 

to
 
re

po
rt

 
it

s 
di

st
ri

bu
ti

on
 
[i
n 

th
e 

No
rt

h 
At
la
nt
ic
, 

fr
om

 
th
e 

li
te

ra
tu

re
] 

ac
cu
ra
te
ly
..
."

Mu
rr

ay
 
(?

),
 
19

71
, 

R,
 
Br

it
is

h 
fo
ra
ms
.

Mu
rr

ay
 
il
lu
st
ra
te
s 

a 
ra
th
er
 
co

mp
re

ss
ed

 
fo
rm
, 

ap
pe

ar
in

g 
so

me
wh

at
 

mo
re
 

li
ke

 
Me
lo
ni
s 

ba
rl
ee
an
us
 
th

an
 
M.

 
po
mp
i­
 

li
oi

de
s.

 
He

 
as
so
ci
at
es
 
th

is
 
sp
ec
ie
s 

wi
th
 

th
e 

sn
el

fa
l 

en
vi
ro
nm
en
t,
 

ha
vi

ng
 
ob

ta
in

ed
 
li
vi
ng
 
re
pr
es
en
ta
ti
ve
s 

in
 

Po
rt

re
c 

Ha
rb

ou
r,

 
of
f 

Sk
ye
, 

in
 
th
e 

Ce
lt
ic
 

Se
a 

be
tw
ee
n 

12
8 

an
d 

13
8 

me
te

rs
, 

an
d 

on
 

th
e 

sh
el

f 
ed
ge
 
by
 
th
e 

we
st

er
n 

ap
pr
oa
ch
es
 
to
 
th
e 

En
gl

is
h 

Ch
an
ne
l 

be
tw

ee
n 

th
e 

de
pt

hs
 

of
 

42
0 

an
d 

10
02

 
me

te
rs

. 
De

ad
 
sp

ec
im

en
s 

of
 
th

e 
ta
xo
n 

we
re
 
ob

ta
in

ed
 
fr
om
 
th

es
e 

sa
me

 
lo

ca
li

ti
es

, 
as
 
we

ll
 

as
 

fr
om

 
th

e 
Ba

re
nt

s 
Se
a,
 
th
e 

so
ut

he
rn

 
po
rt
io
n 

of
 
th
e 

No
rt

he
rn

 
Se
a,
 
th
e 

Ba
y 

of
 
Bi
sc
ay
 
an
d 

of
f 

Ga
li
ci
a.

Do
ug

la
s 

& 
Wo
od
ru
ff
, 

19
81

, 
de
ep
-s
ea
 
be

nt
ho

ni
c 

fo
ra
ms
.



Di
 s
t 

r 
i b
ut
 i
on

Sp
ec

im
en

s 
of
 
Me
1o
n 

i s
 
ba

rl
ee

an
us

 
we

re
 
fo
un
d 

to
 

be
 

re
s­
 

tr
ic

te
d 

p
r
i
m
a
r
i
l
y
t
o
 
th
e 

up
pe

r 
po
rt
io
n 

of
 
th

e 
co
re
, 

ha
vi
ng
 

be
en

 
re

co
ve

re
d 

be
tw

ee
n 

th
e 

co
re

-t
op

 
an

d 
29
2 

cm
 

do
wn
co
re
. 

Th
e 

ta
xo
n 

wa
s 

ob
ta
in
ed
 
fr

om
 
bo
th
 
mu
d 

an
d 

sa
nd
 
sa

mp
le

s,
 
bu

t 
oc

cu
rs

 
in

 
gr
ea
te
r 

ab
un
da
nc
e 

in
 

th
e 

fo
rm

er
. 

In
 

th
e 

mu
d 

la
ye
rs
, 

Me
lo

ni
s 

ba
rl
ee
an
us
 

ra
ng

es
 
be
tw
ee
n 

le
ss
 
th
an
 

1 
an

d 
8.

5%
 
of

 
th

e 
fa

un
a,

 
wh
il
e 

in
 
th
e 

sa
nd

y 
mu

d 
in

te
rv

al
 
fr

om
 

18
0 

to
 

18
2 

cm
, 

it
 
ma

ke
s 

up
 
1.

5%
 
of

 
th
e 

as
se

mb
la

ge
. 

Th
e 

sp
ec
ie
's
 

on
ly
 
oc

cu
rs

 
in
 
tw

o 
of

 
th
e 

sa
nd
 
la
ye
rs
 
in

ve
st

ig
at

ed
, 

co
mp
ri
s­
 

in
g 

le
ss

 
th

an
 
1%
 
of

 
th
e 

fa
un

al
 
as

se
mb

la
ge

 
in
 
bo
th
 
in
st
an
ce
s.

Me
lo

ni
 s
 
po

mp
il

io
id

es
 
(F
ic
ht
el
 
an
d 

Mo
ll

) 
Pl

at
e 

11
, 

fi
gu

re
 

3

Na
ut
il
us
 
po

mp
il

io
id

es
 
Fi

ch
te

l 
an
d 

Mo
ll

; 
Fi
ch
te
l 

an
d 

Mo
ll

,
17

98
, 

p.
 
31

, 
pi

. 
2,
 
fi

gs
. 

a-
c.

No
ni
on
in
a 

po
mp

i1
io

id
es

 
(F
ic
ht
el
 
an
d 

Mo
ll

);
 

Cu
sh

ma
n,

 
19

14
,

p.
 
25

-2
6,

 
pi

. 
17
, 

fi
g.

 
2.

No
ni

on
 
po
mp
il
io
id
es
 
(F

ic
ht

el
 
an

d 
Mo

ll
);

 
Ba

nd
y,

 
19

53
a,

 
p.

17
7,

 
pi

. 
21

, 
fi

g.
 
12

; 
Ba

nd
y,

 
19

61
, 

p.
 
21

, 
pi
. 

5,
 
fi

g.
 
12
;

Ba
nd
y 

an
d 

Ro
do
lf
o,
 
19

64
, 

p.
 
83
1,
 
fi

g.
 

5D
; 

Ph
le
ge
r,
 

19
64
,

pi
. 

1,
 
fi

g.
 
32
.

Me
lo
ni
s 

"N
on
io
n"
 
po

mp
il

io
id

es
; 

Ba
nd
y 

an
d 

Ch
ie

ri
ci

, 
19

66
, 

p.

Me
lo

ni
s 

p
o
m
p
i
l
i
o
i
d
e
s
 
(F

ic
ht

el
 
an
d 

Mo
ll

);
 

Do
ug
la
s,
 
19
73
, 

p.
 

6
l
4
~
;
5
1
9
-
6
2
0
,
 

pT
7~

9,
 
fi
gs
. 

8-
9;
 

In
gl

e,
 
19
73
, 

p.
 
53

6,
 
54
2,
 

54
5,

 
55
1,
 
55
3,
 
55
6,
 
55

7,
 
56
0,
 
56

2;
 
Ha

ll
er
, 

19
80

, 
p.

 
26
5,
 
pi

. 
16

, 
fi

g.
 

5;
 

In
gl

e,
 
Ke
ll
er
 
an

d 
Ko

lp
ac

k,
 
19
80
, 

p.
 
14
2,
 
pi

. 
9,

 
fi

gs
. 

14
-1

5.

Be
rg
en
 

£, 
O'

Ne
il

, 
19
79
, 

R,
 
Gu
lf
 
of

 
Al
as
ka
.

Th
is

 
sp
ec
ie
s 

wa
s 

re
co

ve
re

d 
fr

om
 
a 

si
ng
le
 
lo
we
r 

ba
th
ya
l 

sa
mp

le
 

in
 
de

po
si

ts
 
fr
om
 
th
e 

Gu
lf
 
of
 
Al

as
ka

. 
Th
e 

ta
xo
n 

co
mp
ri
se
d 

<1
% 

of
 
th
e 

fa
un

al
 
as
se
mb
la
ge
 
at

 
th
e 

de
pt

h 
of

 
22

81
 
me

te
rs

.
Sm

it
h,

 
19

73
, 

Pl
ei

s?
 

fc 
Ho
lo
ce
ne
, 

No
rt

h 
Pa
ci
fi
c 

Oc
ea

n.
On

ly
 
on

e 
sp
ec
im
en
 
of

 
th
is
 
ta

xo
n 

wa
s 

co
ll
ec
te
d 

in
 
a 

si
n­

 
gl

e 
co

re
 

ta
ke

n 
fr

om
 
th
e 

de
ep

-s
ea

 
pl
ai
n 

at
 
a 

de
pt

h 
of

 
48
10
 
me

te
rs

 
at

 
la

ti
tu

de
 
32

^.
 

Th
is
 
ti

ny
 
in
di
vi
du
al
 

wa
s 

re
fe

rr
ed

 
to
 
th

is
 
sp
ec
ie
s 

".
..

du
e 

to
 
[t
he
] 

th
ic
kn
es
s 

an
d 

co
ar

se
ly

 
pe

rf
or

at
e 

wa
ll
."

La
go

e,
 
19
83
, 

Ol
ig

oc
en

e-
Pl

io
, 

Gu
lf

 
of

 
Al
as
ka
.

De
po
si
ts
 
of

 
th
e 

PC
 
un

it
 
of

 
th
e 

Ya
ka

ta
ga

 
Re
ef
 
se
ct
io
n 

in
 

th
e 

Gu
lf
 

of
 

Al
as
ka
 

st
ud
ie
d 

by
 
La
go
e 

co
nt
ai
n 

Me
lo

ni
s

po
mp

i1
io

id
es

 
an
d 

ap
pe

ar
 
to
 

be
 

re
pr
es
en
ta
ti
ve
 

of
 

th
e 

Z
e
m
o
r
r
i
a
n
T
a
p
p
r
o
x
i
m
a
t
e
l
y
 

Ol
ig

oc
en

e)
 
St

ag
e.

 
Th

e 
ta

xo
n 

ap
pe

ar
s 

th
ro

ug
ho

ut
 
th
is
 
Po
ul
 

Cr
ee

k 
Fo

rm
at

io
n 

se
ct

io
n 

an
d 

ha
s 

be
en

 
re
co
ve
re
d 

wi
th

 
Gy
ro
id
in
a 

or
bi

cu
la

r 
is
 
pl

a-
 

na
ta

, 
Bu
li
mi
na
 

in
fl

at
e,

 
Pu

ll
en

ra
T 

bu
ll

oi
de

s 
an

d 
Sp

ha
er

oi
di

na
 

ya
ri

ab
il

is
. 

Al
l 

of
 
th

es
e 

ta
xa
 
ha

ve
 
be

en
 

as
so
ci
at
ed
 
wi

th
" 

ba
th

ya
l 

de
po
si
ts
 

in
 

pr
ev

io
us

 
wo
rk
s 

(B
an

dy
 
an
d 

Ar
na

l,
 
19
69
; 

In
gl
e,
 
19
80
).

Do
ug

la
s,

 
19
73
, 

Mi
o-

R,
 
DS

DP
, 

ce
nt

ra
l 

No
rt

h 
Pa
ci
fi
c.

Me
lo
ni
s 

po
mp

il
io

id
es

, 
as

 
we
ll
 
as

 
M.

 
af

fi
ni

s 
an
d 

Uv
ig
er
- 

in
a 

pr
ob
os
ci
de
a,
 

f 
ir

st
 
ap
pe
ar
s 

in
~t

he
 
Pl

io
ce

ne
 
de
ep
-s
ea
 

as
se

mb
la

ge
 
re

co
ve

re
d 

by
 
th
e 

De
ep

 
Se
a 

Dr
il

li
ng

 
Pr

oj
ec

t 
in

 
th
e 

mi
d-

Pa
ci

fi
c.

Ba
nd
y,
 
19

53
a,

 
R,
 
Sa
n 

Fr
an

ci
sc

o 
to
 
Sa
n 

Di
eg

o,
 
CA

.
Ba
nd
y 

re
po
rt

ed
 
th

is
 
sp
ec
ie
s 

to
 
be

 
a 

do
mi

na
nt

 
me
mb
er
 

of
 

hi
s 

lo
we

r 
ab

ys
sa

l 
zo

ne
 

si
tu
at
ed
 

of
f 

Po
in
t 

Ar
gu

el
lo

 
be
tw
ee
n 

th
e 

de
pt
hs
 
of

 
24

38
 
an

d 
36

58
 
me

te
rs

. 
Th

e 
ta

xo
n 

wa
s 

fo
un
d 

as
so
ci
at
ed
 
wi

th
 
Me
lo
ni
s 

ba
rl

ee
an

us
, 

Ho
eg
lu
n-
 

di
na

 
el

eq
an

s 
an

d 
pa

rt
ic

ul
ar

ly
 
hi

gh
 
ab
un
da
nc
es
 
o
l
U
v
i
-
 

ge
ri
na
 
se
nt
ic
os
a.
 

A 
si

mi
la

r 
as
se
mb
la
ge
 
wa

s 
ob
ta
in
ed
 
in
 

sa
mp
le
s 

".
..

ta
ke

n 
fr

om
 

th
e 

se
a 

fl
oo
r 

of
f 

Mo
nt
er
ey
 

Ca
ny
on
 
at
 
a 

de
pt
h 

of
 
ab
ou
t 

20
00
 
fe
et
 
[3

65
8m

].
" 

Oc
ea

no
- 

gr
ap

hi
c 

pa
ra
me
te
rs
 
of

 
th
is
 
zo

ne
, 

ly
in

g 
at

 
a 

de
pt

h 
of

 
35

84
 

me
te

rs
 
of

f 
Po

in
t 

Ar
gu

el
lo

, 
in

cl
ud

e 
th
e 

fo
ll

ow
in

g:
 

te
mp

er
at

ur
e 

of
 

1.
53
C,
 

sa
li
ni
ty
 

of
 

fr
om

 
34

.6
6 

to
 

34
.6
8°
/o
o,
 

an
d 

an
 

ox
yg
en
 

co
nt

en
t 

of
 
fr
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fi
gs

. 
11

-1
2.



No
ni
on
e 
1l
a 

mi
oc

en
ic

a 
Cu
sh
ma
n 

Pl
at

e 
Tf

i~
, 

fi
gu

re
 

7

No
ni
on
el
la
 
mi

oc
en

ic
a 

Cu
sh
ma
n;
 

Cu
sh
ma
n,
 
19

26
c,

 
p.
 
64

; 
Cu
sh
­ 

ma
n,
 
St

ew
ar

t 
an
d 

St
ew
ar
t,
 
19
30
, 

p.
 
61
, 

pi
. 

8,
 
fi
g.
 
6;

 
Cu
sh
­ 

ma
n 

an
d 

Mc
Cu
ll
oc
h,
 
19

40
, 

p.
 
16
1-
16
2,
 
pi

. 
18
, 

fi
g.

 
1;

 
In
gl
e,
 

Ke
ll
er
 
an

d 
Ko

lp
ac

k,
 
19

80
, 

p.
 
14

2,
 
pi

. 
2,
 
fi
gs
. 
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-1

8.

In
 
th
e 

No
rt
he
rn
 

bo
re

al
 

wa
te

rs
, 

ca
lc
ar
eo
us
 

be
nt
ho
ni
c 

fo
ra

mi
ni

fe
rs

, 
in
cl
ud
in
g 

No
ni
on
el
la
, 

do
mi
na
te
 

th
e 

sh
al
lo
w 

sh
el
f 

fa
un
as
 
(L
oe
bl
ic
h 

an
d 

Ta
pp

an
, 

19
53

).
 

Th
is
 

tr
en
d 

ha
s 

be
en

 
de

mo
ns

tr
at

ed
 
in

 
th
e 

Be
au
fo
rt
 
Se
a 

as
 
a 

wh
ol

e,
 
fo

r 
ex
am
­ 

pl
e,
 
bu
t 

do
es
 
no

t 
ho
ld
 
tr

ue
 
in

 
so

me
 
of
 
th

e 
as

so
ci

at
ed

 
ba

ys
 

an
d 

in
le
ts
 
(L

ag
oe

, 
19
79
b)
. 

Pr
ud

ho
e 

Ba
y 

in
 
th

e 
Ar

ct
ic

 
Oc
ea
n 

is
 
a 

go
od
 
il

lu
st

ra
ti

on
 
of

 
th

is
 
po

in
t;

 
La
go
e 

(1
97

9b
) 

fo
un

d 
sp
ec
ie
s 

of
 

No
ni
on
el
la
 
to
 
be
 
ab
se
nt
 
in

 
th
is
 
re
gi
on
 
an
d 

co
n­
 

cl
ud
ed
 

th
at

 
".
..
 s
pe

ci
al

iz
ed

 
en
vi
ro
nm

en
ta

l 
co
nd
it
io
ns
..
."
 

ac
co

un
te

d 
fo

r 
th

is
 

un
us
ua
l 

oc
cu

rr
en

ce
. 

Ba
nd
y 

an
d 

Ar
na

l 
(1
95
7)
 
ha
ve
 
al

so
 
no
te
d 

th
at
 
No
ni
on
el
la
 
sp

ec
ie

s 
ar

e 
as

so
ci

­ 
at
ed
 

wi
th
 
sh
al
lo
w 

Ea
st

er
n 

Pa
ci
fi
c 

wa
te

rs
 
in
 
bo
th
 
th
e 

No
rt

h­
 

er
n 

an
d 

So
ut
he
rn
 
he
mi
sp
he
re
s.

No
ni

on
el
la
 
mi

oc
en

ia
, 

sp
ec

if
ic

al
ly

, 
is
 
no
 

ex
ce

pt
io

n 
to
 

th
is

 
b
a
t
h
y
m
e
t
r
T
c
t
r
e
n
d
.
 

As
 

th
e 

na
me
 

su
gg
es
ts
, 

th
is

 
be

nt
ho

ni
c 

fo
ra

mi
ni

fe
r 

is
 
ty

pi
ca

l 
of

 
Mi

oc
en

e 
de

po
si

ts
, 

wi
th

 
th
e 

ty
pe
 
be
in
g 

de
sc

ri
be

d 
fr

om
 
ju
st
 
su
ch
 
st
ra
ta
 
in

 
Ca

li
fo

rn
ia

 
(C

us
hm

an
 
an
d 

Mc
Cu
ll
oc
h,
 
19

40
; 

Cu
sh
ma
n,
 
St

ew
ar

t 
an
d 

St
ew

ar
t,

 
19

30
).

 
Ye
t,
 

it
 
ha
s 

be
en

 
fo

un
d 

in
 
la

te
r 

Te
rt

ia
ry

 
se

di
me

nt
s 

al
on

g 
th

e 
we
st
er
n 

co
as
t 

of
 
Am

er
ic

a 
an
d 

in
 
th
e 

re
ce
nt
 

de
po

­ 
si

ts
 

a
s
s
o
c
i
a
t
e
d
 

wi
th
 

th
e 

Ea
st
er
n 

Pa
ci

fi
c 

fr
om

 
Al

as
ka

 
to
 

So
ut
h 

Am
er

ic
a.

Th
e 

ta
xo

n 
wa
s 

re
co

ve
re

d 
at
 
a 

de
pt
h 

of
 
4 

me
te
rs
 
in

 
Ho

lo
- 

ce
ne
 

se
di

me
nt

s 
of
fs
ho
re
 
as
 
fa
r 

no
rt

h 
as

 
Wr
an
ge
ll
, 

Al
as

ka
 
by
 

th
e 

Al
la
n 

Ha
nc
oc
k 

Pa
ci

fi
c 

Ex
pe
di
ti
on
s 

(C
us

hm
an

 
an
d 

Mc
Cu

l­
 

lo
ch

, 
19

40
).

 
Sp

ec
im

en
s 

al
mo
st
 
ex
ac
tl
y 

li
ke

 
th
e 

ty
pe
s 

we
re
 

al
so
 
re
po
rt
ed
 
in

 
dr

ed
gi

ng
 
ob

ta
in

ed
 
by
 

th
e 

U.
S.

 
Co

as
t 

an
d 

Ge
od
et
ic
 
Su

rv
ey

 
sh
ip
 
Gu

id
e 

of
f 

Or
eg

on
 
in

 
21

9 
me

te
rs

 
of
 
wa

te
r 

(C
us

hm
an

, 
19
27

a)
. 

Pl
io
ce
ne
 
de

po
si

ts
 
of

 
th
e 

Po
rt

 
Or
 f
or

d 
Fo

r­
 

ma
ti
on
 

at
 

Ca
pe
 
Bl

an
co

, 
Or

eg
on

 
yi

el
de

d 
No

ni
on

el
la

 
mi

oc
en

ic
a 

as
 
we
ll
 
(B

an
dy

, 
19

50
).

 
Th
e 

sp
ec
ie
s 

c
o
m
p
r
i
s
e
d
5
%
o
!
t
n
"
e
 

to
ta

l 
fa
un
al
 
as
se
mb
la
ge
 
in

 
th

is
 
ou

tc
ro

p 
st

ud
y 

an
d 

it
s 

pr
es

­ 
en
ce
, 

in
 
pa

rt
, 

wa
s 

re
sp

on
si

bl
e 

fo
r 

Ba
nd

y 
de

te
rm

in
in

g 
th

at
 

th
es
e 

se
di
me
nt
s 

we
re
 

de
po
si
te
d 

in
 
a 

co
ol

 
an
d 

ve
ry
 
sh

al
lo

w
en

vi
ro

nm
en

t.
Th
e 

Ca
pe
 
Bl

an
co

 
Pl
io
ce
ne
 
fa

un
a 

re
po

rt
ed

 
by
 
Ba

nd
y 

(1
95
0)
 

co
rr

el
at

es
 

qu
it
e 

we
ll
 

wi
th
 
a 

si
mi

la
r 

ag
ed

 
as
se
mb
la
ge
 
fr

om
 

Hu
mb

ol
t 

Co
un

ty
 
of

 
No
rt
he
rn
 
Ca

li
fo

rn
ia

 
(C

us
hm

an
, 

St
ew
ar
t 

an
d 

St
ew

ar
t,

 
19

30
).

 
Ho

we
ve

r,
 
No
ni
on
el
la
 
mi

oc
en

ic
a 

wa
s 

co
ns

id
er

­ 
ab
ly
 
le

ss
 
ab

un
da

nt
 
in

 
th

is
 
Ca
li
fo
rn
ia
 
st

ud
y,

 
as
 
it
 
wa
s 

fo
un
d 

to
 

oc
cu

r 
on
ly
 

ra
re
ly
 

in
 
tw

o 
Pl
io
ce
ne
 
lo

ca
li

ti
es

. 
Mi

dd
le

Te
rt
ia
ry
 
de

po
si

ts
 
in
 
th

e 
Sa
n 

Jo
aq
ui
n 

Va
ll
ey
 
al
so
 
co

nt
ai

ne
d 

a 
No

ni
on

el
la

 
fa

un
a 

wh
ic

h 
Ba
nd
y 

an
d 

Ar
na

l 
(1

96
0)

 
co

nc
lu

de
d,

 
ba
se
d 

up
on

 
it

s 
kn

ow
n 

li
vi

ng
 
ha

bi
ta

t,
 

re
pr

es
en

te
d 

an
 

in
ne

r 
sh
el
f 

bi
of
ac
ie
s 

at
 
a 

de
pt
h 

of
 
30

 
pl
us
 
or

 
mi

nu
s 

30
 
me

te
rs

.
No
ni
on
el
la
 
mi
oc
en
ic
a 

ha
s 

al
so

 
be

en
 
re

po
rt

ed
 
fr

om
 

de
po

­ 
si
ts
 
to
 
th
e 
s
o
u
t
l
u
I
n
 
th

e 
gr

ea
te

r 
Lo

s 
An
ge
le
s 

re
gi

on
. 

Wh
it

e 
(1

95
6)

 
no
te
d 

it
s 

ra
re
 

oc
cu

rr
en

ce
 

in
 

tw
o 

lo
ca

li
ti

es
 

of
 

Pl
io

ce
ne

-a
ge

d 
st

ra
ta

 
of

 
th

e 
Up

pe
r 

Ca
pi
st
ra
no
 
Fo
rm
at
io
n.
 

Th
e 

ta
xo

n 
wa

s 
in
cl
ud
ed
 
in
 
a 

st
ud

y 
of

 
th
e 

so
ut
he
rn
 

Ca
li
fo
rn
ia
 

co
nt

in
en

ta
l 

bo
rd

er
la

nd
 
as

 
we
ll
, 

wh
er

e 
In

gl
e 

(1
98

0)
 
co

nc
lu

de
d 

th
at
 
it

 
wa

s 
a 

co
ns

ti
tu

en
t 

of
 
th
e 

in
ne

r 
sh
el
f 

bi
of
ac
ie
s 

fr
om
 

ap
pr

ox
im

at
el

y 
0 

to
 

50
 
me
te
rs
 
wa

te
r 

de
pt

h.
 

Li
vi
ng
 
sp
ec
ie
s 

ha
ve

 
be

en
 
re
po
rt

ed
 
of
 

th
e 

co
as
t 

of
 

Me
xi
co
 

(C
us

hm
an

 
an

d 
Mc
Cu
ll
oc
h,
 

19
40
) 

an
d 

in
 

th
e 

Gu
lf
 
of

 
Ca

li
fo

rn
ia

 
(B
re
nn
er
, 

19
62
).
 

In
 
th
e 

la
tt

er
 
st
ud
y,
 
No

ni
on

el
la

 
mi
oc
en
ic
a 

wa
s 

fo
un

d 
in

ha
bi

ti
ng

 
pr
im
ar
il
y 

th
e 

no
rt

he
rn

 
ha
lf
, 

bu
t 

al
so
 
th
e 

so
ut
h­
 

er
n 

ha
lf
, 

of
 
th
e 

Gu
lf

 
in
 
a 

re
vi
ew
 

of
 

th
e 

di
st
ri
bu
ti
on
 

of
 

sh
al
lo
w 

be
nt
ho
ni
c 

fo
ra
mi
ni
fe
rs
 

li
vi
ng
 

be
tw

ee
n 

0 
an

d 
91

 
me

te
rs

. Th
is
 
sp
ec
ie

s 
ha
s 

be
en
 
di
sc
ov
er
ed
 
of
f 

Ce
nt

ra
l 

an
d 

So
ut

h 
Am
er
ic
a 

as
 
we

ll
. 

In
 
a 

st
ud

y 
ne
ar
 
El

 
Sa

lv
ad

or
, 

Sm
it

h 
(1
96
4)
 

re
po
rt
ed
 
th
e 

sp
ec
ie
s 

in
 
re

ce
nt

 
bo

tt
om

 
se
di
me
nt
s 

be
tw
ee
n 

37
 

an
d 

45
0 

me
te
rs
 
of

 
wa
te
r.
 

It
 
wa
s 

al
so

 
ob
ta
in
ed
 
at

 
a 

de
pt

h 
of

 
5 

to
 
18

 
me
te
rs
 
at

 
Po
rt
 
Cu

le
br

a,
 
Co

st
a 

Ri
ca

, 
by

 
th
e 

Al
la

n 
Ha

nc
oc

k 
Pa
ci
fi
c 

Ex
pe

di
ti

on
s 

(C
us
hm
an
 
an
d 

Mc
Cu

ll
oc

h,
 
19

40
).

 
In

 
th
e 

Pe
ru

-C
hi

le
 
Tr
en
ch
 
ar

ea
 
of
f 

So
ut

h 
Am

er
ic

a,
 

No
ni
on
el
la
 

mi
oc

en
ic

a 
wa

s 
re
co
ve
re
d 

in
 
wa

te
rs

 
13
5 

to
 
18
64
 
me

te
rs

 
de

ep
 

an
d 

wa
s 

me
re

ly
 
re

co
rd

ed
 
as
 
pr
es
en
t 

in
 
th
e 

un
co

un
te

d 
al

iq
uo

t 
at
 

th
e 

de
pt
h 

of
 

26
34
 
me

te
rs

 
(I

ng
le

, 
Ke

ll
er

, 
an
d 

Ko
lp

ac
k,

 
19
80
).
 

It
 
ap

pe
ar

s 
th
at
 

th
is

 
la
tt
er
 

oc
cu

rr
en

ce
 

wa
s 

th
e 

re
su

lt
 

of
 

do
wn

sl
op

e 
di
sp
la
ce
me
nt
. 

Th
e 

ta
xo

n 
wa
s 

fo
un
d 

to
 

co
mp

ri
se

 
3.

0%
 
of
 
th
e 

fa
un

a 
at
 
a 

de
pt

h 
of
 
13
5 

me
te
rs
 

an
d 

a 
ma
xi
mu
m 

of
 

7.
6%

 
of

 
th
e 

as
se

mb
la

ge
 
in

 
20
0 

me
te
rs
 
of
 
wa
te
r.
 

Th
e 

au
th

or
s 

co
ns

id
er

ed
 
No

ni
on

el
la

 
mi

oc
en

ic
a 

a 
no

n-
do

mi
na

nt
 

me
mb
er
 

of
 

th
e 

ou
te
r 

sh
el

f 
b
i
o
f
a
c
i
e
s
,
i
n
h
a
b
i
t
i
n
g
 
th
e 

wa
te

rs
 

be
tw
ee
n 

13
5 

an
d 

15
0 

me
te
rs
 
in

 
th
is
 
re

gi
on

. 
Th
is
 
bi

oz
on

e 
wa
s 

fo
un

d 
to
 
li
e 

".
..
wi
th
in
 
th
e 

ox
yg

en
-r

ic
h 

wa
te
rs
 
of

 
th
e 

Pe
ru

- 
Ch
il
e 

Cu
rr

en
t.

"
No

ni
on

el
la

 
mi

oc
en

ic
a 

ex
hi

bi
ts

 
a 

lo
ng
 

ge
ol
og
ic
 

re
co

rd
, 

h
a
v
i
n
g
b
e
e
n
r
e
p
o
r
t
e
d
i
n
 

Mi
oc

en
e 

to
 
re

ce
nt

 
se

di
me

nt
s 

fr
om
 

Al
as
ka
 
to
 
Ch

il
e.

 
It

 
ha
s 

be
en

 
mo

st
 
co

mm
on

ly
 
as
so
ci
at
ed
 

wi
th

 
th
e 

in
ne
r 

sh
el

f 
bi

of
ac

ie
s 

in
 
th
e 
"E
as
te
rn
 
Pa

ci
fi

c,
 
de
fi
ne
d 

by
 

In
gl
e 

(1
98
0)
 
to
 
li
e 

be
tw

ee
n 

0 
an
d 

50
 

me
te

rs
. 

Oc
ca

si
on

al
ly

 
th
ou
gh
, 

th
e 

sp
ec
ie
s 

ha
s 

be
en

 
ob
ta
in
ed
 
at
 
ou

te
r 

sh
el

f 
bi
of
a­
 

ci
es

 
de

pt
hs

, 
ra
ng

in
g 

do
wn

 
to

 
ap
pr
ox
im
at
el
y 

20
0 

me
te

rs
.

Di
st

ri
bu

ti
on

Ex
ce
pt
 
fo

r 
th
e 

oc
cu
rr
en
ce
 

of
 

a 
si

ng
le

 
sp

ec
im

en
 

of
 

No
ni

on
el

la
 

mi
oc

en
ic

a 
in

 
th
e 

mu
d 

in
te

rv
al

 
fr

om
 
13
9 

to
 
14

3 
cm

 
do
wn
co
re
, 

th
e 

ta
xo

n 
wa
s 

fo
un

d 
as
so
ci
at
ed
 

ex
cl

us
iv

el
y 

wi
th

 
th
e 

sa
nd
 

an
d 

sa
nd
y 

mu
d 

la
ye
rs
 
of

 
th

is
 
st

ud
y.

 
Re

co
ve

re
d



CO N>

be
tw
ee
n 

th
e 

de
pt

hs
 
of

 
13
3.
5 

an
d 

41
4.

5 
cm

, 
No
ni
on
el
la
 
mi
oc
en
- 

ic
a 

co
mp

ri
se

s 
fr

om
 
le
ss
 
th

an
 
1 

to
 
10
.8
% 

of
 
th

e 
fa

un
a 

in
 
th
e 

sa
nd
 
in

te
rv

al
s.

 
In

 
ad
di
ti
on
, 

th
e 

sp
ec
ie
s 

ac
co

un
ts

 
fo
r 

le
ss

 
th
an
 
1%

 
of
 
th

e 
as

se
mb

la
ge

 
in

 
fi

ve
 
sa
nd
y 

mu
d 

de
po

si
ts

 
lo
ca
te
d 

fr
om
 
18
0 

to
 
41

2.
5 

cm
 
do
wn
co
re
.

No
ni
on
el
la
 
St

el
la

 
Cu

sh
ma

n 
an
d 

Mo
ye

r 
Pl
at
e 

11
, 

fi
gu

re
 
1

No
ni
on
el
la
 
mi
oc
en
ic
a 

Cu
sh

ma
n 

va
r.
 
St

el
la

 
Cu

sh
ma

n 
an
d 

Mo
y.

er
; 

Cu
sh
ma
n 

an
d 
M
o
y
e
r
,
1
9
3
0
,
 
p.

 
56

, 
pl

~
T,

Fi
g.
 
17
; 

Cu
sh

ma
n 

an
d 

Mc
Cu

ll
oc

h,
 
19

40
, 

p.
 
16

2,
 
pi

. 
18
, 

fi
g.

 
2;

 
Ba

nd
y,

 
19
53
a,
 

pi
. 

22
, 

fi
g.

 
2;
 

In
gl

e,
 
19

73
, 

p.
 
54

2,
 
54

5,
 
54
9,
 
56
0,
 
56

2.
 

No
ni

on
el

la
 
St
el
la
 
Cu
sh
ma
n 

an
d 

Mo
ye

r;
 

Uc
hi
o,
 

19
60

, 
p.

 
61

, 
pT

I 
T~
, 

Fi
gs

T 
15

-1
6;

 
Ph
le
ge
r,
 

19
64
, 

pi
. 

1,
 
fi

gs
. 

33
-3

4;
 

La
nk

fo
rd

 
an
d 

Ph
le
ge
r,
 
19
73
, 

p.
 

12
3,

 
pi

. 
3,

 
fi
gs
. 

13
-1

4;
 

Wa
gn

er
, 

19
78

, 
p.
 

20
7-

20
8,

 
pi

. 
5,
 
fi

g.
 
2;
 
Sl

oa
n,

 
19

81
, 

p.
 

30
1,

 
30

2;
 

Ma
to

ba
 
an
d 

Ya
ma
gu
ch
i,
 
19

82
, 

p.
 
10
45
, 

pi
. 

4,
 

fi
g.

 
4.

Wa
lt

on
, 

19
55

, 
R,
 
To

do
s 

Sa
nt
os
 
Ba

y,
 
Ba

ja
 
CA
.,
 
Me

xi
co

.
Ba
nd
y,
 
19
61
, 

R,
 
Gu

lf
 
of
 
CA
.,
 
in

te
rt

id
al

-1
00

0*
 
fa
th
om
s.

Th
is
 
sp
ec
ie
s 

wa
s 

fo
un

d 
to
 
be

 
a 

no
n-
do
mi
na
nt
 

me
mb
er
 

of
 

th
e 

in
ne

r 
sh

el
f 

bi
of

ac
ie

s 
be

tw
ee

n 
th
e 

de
pt
hs
 
of

 
18

 
an
d 

37
 
me

te
rs

, 
wi
th
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te
r 

te
mp
er
at
ur
es
 
ra

ng
in

g 
fr

om
 
14

.0
 
to
 

18
.0

°C
.

Ph
le
ge
r,
 
19

64
, 

li
vi
ng
, 

Gu
lf

 
of

 
Ca

li
fo

rn
ia

.
Ma
to
ba
 
& 

Ya
ma
gu
ch
i,
 
19
82
, 

Pl
io
-H
ol
oc
en
e,
 
Gu
lf
 
of

 
CA
.

Ba
nd

y 
& 

Ar
na

l,
 
19

57
, 

R,
 
W.

 
co

as
t 

of
 
Ce

nt
ra

l 
Am
er
ic
a.

In
gl
e,
 
Ke
ll
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be
tw

ee
n 

th
e 

de
pt

hs
 
of
 
15

2.
5 

an
d 

15
4.

5 
cm

 
do
wn
co
re

. 
Th
is
 

in
te
rv
al
 

al
so
 

co
nt
ai
ns
 
a 

sa
nd
 
st

ri
ng

er
.

Or
id
or
sa
li
s 

um
bo
na
tu
s 

(R
eu
ss
) 

Pl
at
e 

19
, 

fi
gu

re
 
6

Ro
ta

li
na

 
um

bo
na

ta
 
Re
us
s;
 

Re
us
s,
 
18

51
, 

p.
 
75

, 
pi

. 
5,

 
fi

g.
35

.
Tr
un
ca
tu
li
na
 
te

ne
ra

 
H.
B.
 
Br
ad
y;
 

Cu
sh

ma
n,
 
19

15
, 

p.
 

37
, 

pi
.

16
, 

fi
g.

 
2,

 
pi

. 
23
, 

fi
g.
 
6.

Ep
on
id
es
 
te

ne
ra

 
(H

.B
. 

Br
ad
y)
; 

Cu
sh

ma
n,

 
19
27
a,
 
p.
 

16
3,

 
pi

.
5
)
f
i
g
s
.
 
6-
7.

Ep
on
id
es
 
um
bo

na
ta

 
(R

eu
ss

);
 

Cu
sh

ma
n,

 
19
29
b,
 
p.
 
98

, 
pi

. 
14

,
fi
g.
 
8.

Ep
on

id
es

 
um

bo
na
tu
s 

(R
eu

ss
);

 
Ph
le
ge
r 

an
d 

Pa
rk

er
, 

19
51

, 
p.

22
, 

pT
T 

"T
TT
 

Ti
gs
. 

10
, 

13
-1
4;
 

Be
rg
en
 
an
d 

O'
Ne

il
, 

19
79
, 

p.
12

90
.

Ep
on
id
es
 
te

ne
r 

(B
ra
dy
);
 

Ba
nd
y,
 
19
53
a,
 
pi

. 
23

, 
fi

g.
 
3.

Ep
on
id
es
 
(?
) 

te
ne

ra
 
(B
ra
dy
);
 

Ba
rk

er
, 

19
60
, 

p.
 
19

6,
 
pi

. 
95

,
fi

g.
 
11

.

Be
rg
en
 

S. 
O'
Ne
il
, 

19
79

, 
R,
 
Gu
lf
 
of

 
Al

as
ka

.
Th
e 

sp
ec
ie
s 

oc
cu
rs
 
in
 
lo
we
r 

ba
th
ya
l 

de
po
si
ts
 

in
 

th
e 

Gu
lf
 

of
 

Al
as
ka
 

be
tw
ee
n 

th
e 

de
pt

hs
 
of
 
16

62
 
an
d 

22
05

 
me
te
rs
. 

It
 
co
mp
ri
se
s 

<1
% 

of
 
th
e 

fa
un
al
 

as
se
mb
la
ge
 

at
 

th
e 

de
pt

hs
 

of
 
16
62
, 

16
96
, 

an
d 

22
05

 
me
te
rs
, 

1%
 
at
 
21

44
 

me
te

rs
 
an
d 

4%
 
at
 
a 

de
pt
h 

of
 
18
30
 
me
te
rs
.

Cu
sh
ma
n 

£. 
To

dd
, 

19
47

b,
 
Pl

io
? 

Pl
ei
s?
, 

Am
ch

it
ka

 
Is

.,
 
AK

.
Qu

ar
ry

 
sa
mp

le
s 

co
nt
ai
ni
ng
 
a 

de
ci
de
dl
y 

co
ld

 
wa
te
r 

fa
un
a 

bu
t 

".
..

no
t 

by
 

an
y 

me
an
s 

ar
ct
ic
..
."
 

in
cl
ud
ed
 
th
is
 

ta
xo
n.
 

Th
e 

au
th
or
s 

no
te

 
th

at
 

Ep
on
id
es
 

[O
ri

do
rs

al
is

] 
um

bo
na

tu
s 

ha
s 

be
en

 
re
po
rt
ed
 
in

 
re
ce
nt
 
se
di
me
nt
s 

in
 
th
e 

No
rt
h 

At
la
nt

ic
 
an
d 

An
ta
rc
ti
c 

re
gi

on
s.

Ha
ll

er
, 

19
80

, 
Pl
io
, 

Hu
mb

ol
dt

 
Ba

si
n,

 
Ca

li
fo

rn
ia

.
Ha

ll
er

 
fo

un
d 

Or
id
or
sa
li
s 

um
bo
na
tu
s 

an
d 

Me
lp
ni
s 

po
mp

i-
 

li
oi
de
s 

oc
cu
rr
in
g 

in
 
th
e 

Ce
nt

er
vi

ll
e 

co
as

ta
l 

se
ct
io
n 

of
 

th
e 

Ee
l 

Ri
ve

r 
Fo
rm
at
io
n.
 

Be
ca
us
e 

th
ey
 

oc
cu

rr
ed

 
on

ly
 

ra
re

ly
, 

an
d 

be
ca
us
e 

ot
he

r 
mi
d-
de
pt
h 

to
ra

mi
ni

fe
rs

 
we

re
 

al
so

 
pr

es
en
t,

 
he
 
co
nc
lu
de
d 

th
at

 
th

es
e 

se
di
me
nt
s 

we
re

 
de

po
si

te
d 

at
 
up

pe
r 

to
 
mi

dd
le

 
ba
th
ya
l 

de
pt

hs
.

Cr
ou

ch
, 

19
52

, 
R,
 
11
 
de

ep
 
ba

si
ns

 
of
f 

so
ut
he
rn
 
CA

.
Sp

ec
ie

s 
is

 
ab

un
da

nt
 
in

 
wa

te
r 

te
mp
er
at
ur
es
 

be
tw

ee
n 

1.
7 

an
d 

5.
0*
C.
 

"C
ol
de
r 

wa
te

r 
fo
rm
s 

be
co

me
 
mo

re
 
um
bo
na
te
, 

an
d 

su
tu

re
s 

be
co
me
 
ir
re
gu
la
r 

to
wa

rd
 
th
e 

um
bo

."
In
gl
e,
 
19

80
, 

Te
rt

ia
ry
, 

so
. 

CA
. 

co
nt

in
en

ta
l 

bo
rd

er
la

nd
.

In
gl

e 
co

nc
lu
de
d 

th
at

 
th

is
 
sp
ec
ie
s 

wa
s 

ch
ar

ac
te

ri
st

ic
 
of
 

th
e 

up
pe

r 
mi
dd
le
 
ba
th
ya
l 

bi
of

ac
ie

s,
 
be

tw
ee

n 
th
e 

de
pt
hs
 

of
 
50
0 

an
d 

15
00

 
me
te
rs
.

Bu
tc

he
r,

 
19

51
, 

R,
 
Co
ro
na
do
 
Ba

nk
, 

Sa
n 

Di
eg
o,
 
CA

.
Ep

on
id

es
 
[O

ri
do
rs
al
is
] 

um
bo
na
tu
s 

wa
s 

fo
un
d 

oc
cu
rr
in
g 

in
 

l
o
w
r
e
l
a
t
i
v
e
f
r
e
q
u
e
n
c
y
b
e
t
w
e
e
n
 
th
e 

de
pt

hs
 
of
 
17
5 

an
d 

10
25

 
me

te
rs
 

on
 

th
e 

Co
ro

na
do

 
Ba

nk
 

an
d 

su
rr

ou
nd

in
g 

re
gi

on
s 

of
fs

ho
re

 
Sa
n 

Di
eg

o.
Br
en
ne
r,
 
19

62
, 

R,
 
sh
al
lo
w,
 
Gu
lf
 
of
 
Ca

li
fo

rn
ia

.
Br
en
ne
r 

fo
un

d 
th
at
 
on

ly
 
a 

si
ng

le
 
lo
ca
li
ty
 
yi
el
de
d 

th
is

 
sp
ec
ie
s:
 

Or
id
or
sa
li
s 

um
bo
na
tu
s 

co
mp
ri
se
d 

8%
 

of
 
th
e 

to
ta

l 
be

nt
ho
ni
c 

fo
ra

mi
ni

fe
ra

l 
as
se
mb
la
ge
 
at
 
a 
de
pt
h 

of
 

73
.8
 

me
te
rs
. 

Th
e 

ta
xo

n 
wa
s 

on
e 

of
 
on

ly
 
fo
ur
 
to
 
be

 
re

co
ve

re
d 

ex
cl
us
iv
el
y 

in
 
th
e 

no
rt

he
rn

 
ha
lf
 
of
 
th
e 

Gu
lf
.

Ma
to
ba
 
& 

Ya
ma
gu
ch

i,
 
19

82
, 

Pl
io
-H
ol
oc
en
e,
 
Gu
lf
 
of

 
CA

.
Or

id
or

sa
li

s 
um
bo
na
tu
s 

wa
s 

re
co
ve
re
d 

in
 
Pl
ei
st
oc
en
e 

an
d 

Ho
lo
ce
ne
 
de

po
si

ts
 
in
 
ma

te
ri

al
 
co
ll
ec
te
d 

by
 
th
e 

De
ep

 
Se
a 

Dr
il
li
ng
 
Pr
oj
ec
t 

in
 
th
e 

Gu
ay
ma
s 

Ba
si
n 

of
 

th
e 

Gu
lf

 
of



Ca
li

fo
rn

ia
. 

Th
e 

ta
xo

n 
mo

st
 
co
mm
on
ly
 
co

mp
ri

se
d 

1 
to

 
4%

 
of

 
th

e 
Pl
ei
st
oc
en
e 

as
se
mb
la
ge
s,
 
bu

t 
oc

cu
rr

ed
 
at

 
a 

ma
x­

 
im

um
 
of

 
35

, 
37

 
an
d 

42
% 

of
 
th

e 
Pl
ei
st
oc
en
e 

fa
un
a 

in
 
Ho

le
 

47
8.
 

It
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so
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s 
fo

un
d 

in
 
hi

gh
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un
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es
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th

e 
Ho

lo
- 

ce
ne
 

ma
te
ri
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, 
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ti
ng

 
be
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ee
n 

7 
an

d 
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% 

of
 
th

os
e 

fa
un

al
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se
mb

la
ge

s.
Sm

it
h,

 
19
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, 

R,
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Sa
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ad
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& 
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ra
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a.

Me
mb

er
 
of
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ne
 
F 
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h 
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en

t 
be
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ee
n 

th
e 

de
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of
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an
d 
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te
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.
Cu

sh
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n,
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b,

 
La

te
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rt
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ry
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& 
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r.
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e 
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s 
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in
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e 
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t 

ra
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e 
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te
 
Te
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ne
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a.
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n 
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s 
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s 
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w 
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Mi
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an
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s 
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e 

pr
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t 

wh
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e 
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re
fe
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id
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(O
ri
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rs
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s)
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ra
 
(B
ra
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).

R
e
s
i
g
"
1
9
7
6
,
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ne
-R
, 
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, 

Na
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a 
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at

e,
 
Pe
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.
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g 
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e 
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ze
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0.
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2 
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) 
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d 
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e 
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a 

Pl
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e,
 

Re
si
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d 
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e 

ta
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n 
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1 

an
d 
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of
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e 

Eo
ce
ne
 

fa
un
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, 

1 
to
 
4%
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e 
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ig
oc
en
e 
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se
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ge
s,
 

1,
 

5 
an
d 

8%
 
of

 
th
e 

Mi
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en
e 
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ot
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an

d 
2,
 

3,
 
8,
 
an
d 

13
% 

of
 

th
e 

Pl
ei
st
oc
en
e/
Ho
lo
ce
ne
 

fa
un

al
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se
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la
ge
s.
 

Ba
se
d 

pr
i­
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ri
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wo
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s 
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th
is
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gi
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, 

Re
si
g 

de
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r­
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d 
th
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Or
id
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sa
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s 
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na
tu

s,
 

wh
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pr
es

en
t 

in
 

re
ce

nt
 
de
po
si
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, 
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te
n 

co
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ti
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te
s 

ap
pr
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im
at
el
y 

5%
 

of
 

th
e 
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un

a 
fr
om
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ou
t 

25
0 

to
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00
 
me
te
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an
d 
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t 
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% 

of
 
th
e 
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la
ge
 
be
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n 
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an

d 
42
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te
rs

.
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19
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, 

R,
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. 
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f,
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e-
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.
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e 
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nt
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l 
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f 
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om
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d 
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es
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na
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s 
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er

1s
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ne
 
3,
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90
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0 

me
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rs
 
de
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, 

an
d 
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r 
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ne

 
4 

be
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n 

th
e 

de
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of
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0 

an
d 
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t 
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0 

me
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. 
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3 
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s 
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d 
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e 

ta
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n 
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Ca
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i-
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es
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ad
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, 
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ha
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a 
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s,
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i-
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ov
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de
a 

an
d 
A
n
g
u
l
o
g
e
r
i
n
a
[
T
r
i
f
a
r
i
n
a
]
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- 

l
o
s
a
.
I
n
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4,

 
U
v
i
q
e
n
n
a
 
pe

re
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a 
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n 

to
 
do
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te
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i 
pe

i 
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he
"
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e 
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se
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ge

. 
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e 

no
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h,
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a 
tr
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er
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te
d 

ea
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an

d 
no
rt
h 

of
 
Ca
pe
 
Co
d 

(r
ef
er
re
d 

to
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th
e 

Ca
pe
 
Co
d 

Li
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t 
Tr
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er

se
),

 
Pa
rk
er
 

fo
un
d 

Or
id

or
sa

li
s 

um
bo
na
tu
s 

oc
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rr
in
g 
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ra

re
ly

 
be
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ee
n 

th
e 

de
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hs
 
of

 
14

5 
an
d 

20
3 

me
te

rs
.
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le

ge
r,

 
Pa

rk
er

 
an

d 
Pe

ir
so

n,
 
19
53
, 

R,
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.-
N.
 
At
la
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ic
.

In
 
th

e 
No
rt
h 

At
la

nt
ic

, 
th

is
 
sp
ec
ie
s 

wa
s 

fo
un
d 

at
 
de
pt
hs
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r 

th
an
 

42
 

me
te

rs
. 
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th

e 
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, 
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s 
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de
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re
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th
e 

st
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s 

ba
th
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et
ri
c 

ra
ng
e 

fr
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ar
ly
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00
 
to
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00
 
me
te
rs
.

Ph
le

ge
r,

 
19

51
b,

 
R,
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hw

es
t 

Gu
lf

 
of
 
Me
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.

Th
e 

sp
ec
ie
s 

oc
cu

rs
 
la
rg
el
y 

at
 
de
pt
hs
 

gr
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te
r 

th
an

 
80

 
me
te
rs
, 

do
wn
 
to
 
30

00
 
me

te
rs

.
Ph
le
ge
r 

& 
Pa
rk
er
, 

19
51

, 
R,
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Gu

lf
 
of

 
Me

x.
 
& 

At
la
nt
ic
.

In
 
th
e 

At
la

nt
ic

 
Oc
ea
n,
 
th

is
 
sp

ec
ie

s 
wa
s 

fo
un
d 

be
tw
ee
n 

th
e 

de
pt
hs
 
of
 
42
 
an
d 
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00

 
me
te
rs
.

Lo
hm
an
n,
 
19
78
, 

R,
 
we

st
er

n 
So
ut
h 

At
la
nt
ic
.

Do
ug

la
s 

& 
Wo
od
ru
ff
, 

19
81
, 

de
ep

-s
ea

 
be

nt
ho

ni
c 

fo
ra
ms
.

Di
st

ri
bu

ti
on

Th
is
 
sp

ec
ie

s 
wa
s 

re
co
ve
re
d 

in
 
sa

mp
le

s 
sp
an
ni
ng
 

ne
ar
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th
e 

en
ti

re
 

le
ng
th
 
of
 
th

e 
co
re
, 

be
in
g 

ob
ta
in
ed
 
fr

om
 
a 

de
pt

h 
of

 
46
 
to

 
44

7.
5 

cm
. 

Ho
we

ve
r,

 
Or
id
or
sa
li
s 

um
bo

na
tu

s 
is
 

ge
n­
 

er
al

ly
 
la

ck
in

g 
or
 
pr

es
en

t 
in
 
ve

ry
 
lo
w 

qu
an
ti
ti
es
 
in
 
th
e 

sa
nd
 

an
d 

sa
nd
y 

mu
d 

in
te
rv
al
s 

an
d 

di
sp

la
ys

 
an
 

in
cr

ea
se

 
in
 

ab
un
­ 

da
nc
e 

in
 
th

e 
lo
we
r 

ha
lf
 
of

 
th
e 

co
re

. 
In

 
th

e 
mu
d 

la
ye

rs
, 

th
e 

sp
ec
ie
s 

co
mp

ri
se

s 
be

tw
ee

n 
le
ss
 
th

an
 
1 

an
d 

2.
8%
 
of

 
th
e 

as
se
m­
 

bl
ag
e 

in
 
th
e 

up
pe

r 
po

rt
io

n 
of

 
th

e 
co

re
, 

in
cr

ea
si

ng
 
to

 
a 

ma
x­

 
im

um
 
of
 
18
.1
% 

in
 
th

e 
lo
we
r 

ha
lf

 
of
 
th
e 

co
re

 
in

 
th
e 

in
te
rv
al
 

fr
om

 
33
0 

to
 

33
2 

cm
. 

In
 
co
nt
ra
st
, 

Or
id
or
sa
li
s 

um
bo

na
tu

s 
ac

co
un

ts
 
fo
r 

le
ss

 
th

an
 
1 

to
 
1.

1%
 
of

 
th
e 

fa
un

al
 
as
se
mb
la
ge
 
in
 

th
e 

sa
nd

 
an
d 

sa
nd
y 

mu
d 

la
ye
rs
.

Pa
ra
fi
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ur
in
a 

fu
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rm
is
 
Lo
eb
li
ch
 
an
d 

Ta
pp
an

Pa
ra

fi
ss

ur
in

a 
fu
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li
fo
rm
is
 
Lo
eb
li
ch
 

an
d 

Ta
pp

an
; 

Lo
eb

li
ch

 
an
d 

Ta
pp
an
, 

19
53
, 

p.
 
79
-8
0,
 
pi

. 
14
, 

fi
gs

. 
18

-1
9.

Lo
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li
ch
 
& 

Ta
pp
an

, 
19

53
, 

R,
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fo
ra
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. 
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ov
sk
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& 
Wr
ig
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, 

19
76
, 

Re
ce
nt
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ra
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fe
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.

Di
st

ri
bu

ti
on
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o 
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es
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th
is
 
ta
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n 
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re
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ve
re
d 

fr
om

 
th
e 
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d 

in
te

rv
al

 
lo
ca
te
d 

be
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ee
n 

12
0 

an
d.

12
2 
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do

wn
co

re
.

Pa
ra
fi
ss
ur
in
a 

ke
rg
ue
le
ne
ns
is
 
(P
ar
r)
 

Pl
at

e 
8,
 
fi

gu
re

s 
11
, 

13

Fi
ss

ur
in

a 
ke

rg
ue

le
ne

nn
si

s 
Pa

rr
; 

Pa
rr

, 
19

50
, 

p.
 
30

5,
 
pi

. 
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.
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ra
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ra
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pr
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e 

as
se

mb
la

ge
, 

in
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at
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.

1
6
-
1
1
,
 
p
f
:
 
 
2
,
 
fi

g.
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at
e,

 
Pe
ru
. 

Ph
le

ge
r,

 
Pa
rk
er
 
an

d 
Pe

ir
so

n,
 
19

53
, 

R,
 
eq
.-
N.
 
At

la
nt

ic
. 

Ph
le

ge
r,

 
19

51
b,

 
R,
 
No
rt
hw
es
t 

Gu
lf

 
of

 
Me

xi
co

. 
Ph

le
ge

r 
& 

Pa
rk

er
, 

19
51
, 

R,
 
NW

 
Gu

lf
 
of
 
Me
x.
 

& 
At

la
nt

ic
. 

Bo
lt
ov
sk
oy
 
an
d 

ot
he

rs
, 

19
80

, 
R,

 
sh

el
f,

 
SW

 
At
an
ti
c.
 

Do
ug
la
s 

C. 
Wo

od
ru

ff
, 

19
81
, 

de
ep

-s
ea

 
be
nt
ho
ni
c 

fo
ra

ms
. 

Cu
sh
ma
n,
 
19

14
, 

R,
 
Pa
ci
fi
c 

Oc
ea

n,
 
Pu

ll
en

ia
 
an

d 
ot
he
rs
. 

Cu
sh

ma
n 

& 
To

dd
, 

19
43

, 
Cr
et
ac
eo
us
 
to

 
R,
 
Pu

ll
en

ia
.

Fo
un

d 
qu

es
ti

on
ab

ly
 

in
 

Cr
et
ac
eo
us
 

ex
po

su
re

s
th

is
be

en
 

re
co

rd
ed

 
in
 

Mi
oc

en
e 

to
sp
ec
ie
s 

ha
s 

ce
rt

ai
nl

y 
re
ce
nt
 
de
po
si
ts
. 

Sl
it
er
 

& 
Ba

ke
r,

 
19
72
, 

Cr
et
, 

be
nt
hi
c 

fo
ra
m 

pa
le

oe
co

lo
gy

. 
Re

ce
nt

 
sp

ec
im

en
s 

ar
e 

fo
un

d 
as
so
ci
at
ed
 

wi
th
 

wa
te
rs
 

sh
el

fa
l 

de
pt

h.
of

Di
st

ri
bu

ti
on

Sp
ec
im
en
s 

of
 
th
is
 
ta
xo
n 

we
re
 
re

co
ve

re
d 

ge
ne

ra
ll

y 
fr
om
 

th
e 

up
pe

r 
ha

lf
 
of

 
th

e 
co
re
, 

be
tw
ee
n 

th
e 

de
pt

hs
 
of

 
80

 
an

d 
27
2 

cm
 
do

wn
co

re
. 

Ob
ta
in
ed
 
in

 
on

ly
 
fi

ve
 
sa

mp
le

s,
 
Pu
ll
en
ia
 

qu
in
­ 

qu
el
ob
a 

mo
st

 
of

te
n 

is
 
re
pr
es
en
te
d 

by
 
a 

si
ng

le
 
sp

ec
im

en
 
in
 

ea
ch
 
lo
ca
li
ty
. 

Pr
es

en
t 

in
 
bo

th
 
mu
d 

an
d 

sa
nd
y 

mu
d 

la
ye

rs
, 

th
e 

sp
ec
ie
s 

al
wa

ys
 

co
mp
ri
se
s 

le
ss

 
th

an
 
1%
 
of
 
th
e 

fa
un

al
 

as
se

mb
la

ge
.

N>
 
O



PO o PO

Pu
ll
en
 i
a 

sa
li
sb
ur
yi
 
St

ew
ar
t 

an
d 

St
ew
ar
t 

Pl
at
e 

21
, 

fi
gu

re
s 

6,
 

8

Pu
ll
en
ia
 
sa

li
sb
ur
yi
 
R.
E.
 
an

d 
K.
C.
 
St
ew
ar
t;
 

R.
E.
 

an
d 

K.
C.

 
St
ew
ar
t,
 

19
36
, 

pT
 

72
, 

pi
. 

8,
 
fi
g.
 

2;
 

Cu
sh
ma
n 

an
d 

To
dd
, 

19
43

, 
p.

 
20

-2
1,

 
pi

. 
3,
 
fi

gs
. 

10
-1
1;
 

Uc
hi

o,
 

19
60
, 

pi
. 

-1
0,

 
fi
g.
 

22
; 

Sm
it

h,
 
19
64
, 

p.
 
B4
1,
 
pi
. 

3,
 
fi

g.
 
10
; 

In
gl
e,
 
19
73
, 

p.
 
54

5,
 
54
9;
 
L
a
n
k
f
o
r
d
 
an

d 
Ph
le
ge
r,
 
19

73
, 

p.
 
12

5,
 
pi
. 

6,
 
fi
g.
 

10
; 

Ha
ll
er
, 

19
80
, 

p.
 
26
2,
 
pi
. 

14
, 

fi
g.
 

6.

wi
th

 
th
e 

mu
d 

la
ye
rs
, 

Pu
ll

en
ia

 
Sa
li
sb
ur
y!
 

mo
st

 
of

te
n 

co
mp

ri
se

s 
le
ss
 

th
an

 
1%
 
of

 
th
e 

fa
un

a 
in

 
th
e 

sa
nd

 
an
d 

sa
nd

y 
mu
d 

de
po
si
ts
, 

bu
t 

pe
ak
s 

at
 
1.

1%
 
in
 

th
e 

sa
mp

le
 

ta
ke
n 

fr
om

 
13
3.
5 

to
 
13
6.
5 

cm
 
do
wn
co
re
.

Pu
ll

en
ia

 
sp

p.
 

Pl
at
e 

22
, 

fi
gu

re
s 

1,
 
2,

 
5

Na
tl

an
d,

 
19
33
,

To
dd
 

t 
Lo
w,
 
19

67
, 

R,
 
Gu

lf
 
of
 
Al
as
ka
 
& 

SB
 
Al
as
ka
.

Be
rg
en
 

t 
O'

Ne
il

, 
19

79
, 

R,
 
Gu

lf
 
of

 
Al

as
ka
.

Cu
sh

ma
n 

£. 
To

dd
, 

19
47

b,
 
Pl

io
? 

Pl
ei

s?
, 

Am
ch

it
ka

 
Is
.,
 
AK
.

Co
ck
ba
in
, 

19
63
, 

R,
 
Ju
an
 
de
 
Fu
ca
 
& 
Ge
or
gi
a 

St
s.

, 
B.

C.
Th
is
 
sp
ec
ie
s 

wa
s 

fo
un

d 
be
tw
ee
n 

th
e 

de
pt
hs
 
of

 
30

 
an

d 
20
6 

me
te
rs
.

Cu
sh

ma
n 

& 
To
dd

, 
19

47
a,

 
R,
 
sh
al
lo
w 

wa
te

r,
 
co
as
t 

of
 
WA

.
La
nk
fo
rd
 
& 

Ph
le

ge
r,

 
19

73
, 

R,
 
W.

 
co
as
ta
l 

N.
 
Am
er
ic
a.

Re
si

g,
 
19

58
, 

R,
 
Sa

nt
a 

Cr
uz
 
Ba

si
n,

 
CA

.
Cr

ou
ch

, 
19

52
, 

R,
 
11

 
de

ep
 
ba
si
ns
 
of
f 

so
ut
he
rn
 
CA

.
Cu

sh
ma

n 
& 

Mo
ye
r,
 
19

30
, 

R,
 
Sa
n 

Pe
dr
o,
 
CA

.
Th
e 

sp
ec
ie
s 

wa
s 

fo
un

d 
at
 
a 
de

pt
h 

of
 
33

 
me

te
rs

.
R 

an
d 

Pi
co
 
Fm
.,
 
Sa
n 

Pe
dr

o 
& 

Ve
nt

ur
a,

 
CA
.

Mc
Gl

as
so

n,
 
19
59
, 

R,
 
li
vi
ng
 
& 

de
ad
, 

S.
 
Ca
ta
li
na
 
Is
.,
 
CA
.

Za
le
sn
y,
 
19
59
, 

R,
 
li
vi
ng
 
& 

de
ad
, 

Sa
nt
a 

Mo
ni

ca
 
Ba
y,
 
CA

.
Do

ug
la

s 
& 

He
it

ma
n,

 
19

79
, 

R,
 
so
. 

Ca
li
fo
rn
ia
 
bo
rd
er
la
nd
.

In
gl
e,
 
19
80
, 

Te
rt

ia
ry

, 
so

. 
CA

. 
co

nt
in

en
ta

l 
bo

rd
er

la
nd

.
Bu
tc
he
r,
 
19

51
, 

R,
 
Co

ro
na

do
 
Ba

nk
, 

Sa
n 

Di
eg

o,
 
CA

.
Th
is
 
sp

ec
ie

s 
wa
s 

fo
un

d 
oc
cu
rr
in
g 

in
 
lo
w 

re
la

ti
ve

 
fr
e­
 

qu
en
cy
 
be
tw
ee
n 

th
e 

de
pt
hs
 
of
 
11

0 
an
d 

90
0 

me
te

rs
.

Uc
hi

o,
 
19
60
, 

R,
 
li

vi
ng

 
& 

de
ad

, 
Sa

n 
Di

eg
o,

 
CA
.

Ba
nd

y,
 
19

61
, 

R,
 
Gu

lf
 
of

 
CA
.,
 
in
te
rt
id
al
-1
00
0+
 
fa

th
om

s.
Th

is
 
sp
ec
ie
s 

wa
s 

fo
un

d 
to

 
be
 
a 

no
n-

do
mi

na
nt

 
me
mb
er
 

of
 

th
e 

in
ne
r 

sh
el
f 

bi
of
ac
ie
s 

be
tw

ee
n 

th
e 

de
pt
hs
 
of

 
18

 
an
d 

37
 
me

te
rs

, 
wi

th
 
wa
te
r 

te
mp

er
at

ur
es

 
ra

ng
in

g 
fr

om
 
14

.0
 
to
 

18
.O

C.
Sm

it
h,

 
19
64
, 

R,
 
El
 
Sa

lv
ad

or
 
& 

Ni
ca

ra
gu

a.
Cu

sh
ma

n 
& 

To
dd
, 

19
43

, 
Cr

et
ac

eo
us

 
to
 
R,

 
Pu
ll
en
ia
.

Th
is

 
sp

ec
 r
es
 
ha
s 

be
en

 
re
po
rt
ed
 

in
 

Mi
oc

en
e 

to
 

re
ce

nt
 

de
po

si
ts

.

Di
st

ri
bu

ti
on

Pu
ll

en
ia

 
sa
li
sb
ur
yi
 
wa
s 

ob
ta
in
ed
 
in
 
lo
w 

qu
an

ti
ti

es
 
fr

om
 

mu
d,
 
sa
nd
 
an
d 

sa
nd

y 
mu

d 
la
ye
rs
 
be
tw
ee
n 

th
e 

de
pt

hs
 
of
 
12

0 
an

d 
46
9.
5 

cm
 
do

wn
co

re
. 

Th
e 

ta
xo

n 
ac
co
un
ts
 
fo
r 

be
tw
ee
n 

le
ss
 
th

an
 

1 
an
d 

1.
5%
 
of
 
th
e 

as
se
mb
la
ge
 
in

 
th

e 
mu

d 
in
te
rv
al
s.
 

An
d 

as

Pu
ll
en
ia
 
sp
. 

A.
 

Pl
at

e 
22
, 

fi
gu

re
 
1.
 

Th
e 

si
ng

le
 
sp

ec
im

en
 
is
 

ch
ar
ac
te
ri
ze
d 

by
 

a 
pl
an
is
pi
ra
l 

in
vo

lu
te

 
te

st
 
co
mp
os
ed
 
of

 
ei

gh
t 

no
n-

in
fl

at
ed
 
ch
am
be
rs
. 

Th
e 

ap
er
tu
re
 
is
 
a 

ve
ry
 

th
in

, 
el
on
ga
te
, 

in
te

ri
om

ar
gi

na
l 

sl
it
 
ru

nn
in

g 
ne
ar
ly
 
fr

om
 
um
bi
li
cu
s 

to
 
um
bi
li
cu
s.
 

Th
e 

su
tu
re
s 

ar
e 

ba
re
ly
, 

if
 
at
 
al
l,
 
de

pr
es

se
d.

Pu
ll
en
ia
 
sp
. 

B.
 

Pl
at

e 
22

, 
fi

gu
re

 
5.
 

Th
e 

fo
ur
 
sp

ec
im

en
s 

ar
e 

ch
ar
ac
te
ri
ze
d 

by
 
a 

pl
an
is
pi
ra
l 

in
vo
lu
te
 
te

st
 
ma
de
 
up

 
of

 
si
x 

in
fl
at
ed
 
ch
am
be
rs
, 

re
su
lt
in
g 

in
 

a 
lo

ba
te

 
pe
ri
ph
er
y.
 

Th
e 

ap
er

tu
re

 
is

 
a 

ra
th
er
 
wi

de
 
cr
es
ce
nt
ic
 
ar

ch
, 

in
te

ri
om

ar
gi

na
ll

y 
lo

ca
te

d,
 
ru

nn
in

g 
ne
ar
ly
 
fr

om
 
um

bi
li

cu
s 

to
 

um
bi
li
cu
s.
 

Th
e 

su
tu
re
s 

ar
e 

di
st
in
ct
ly
 
de

pr
es

se
d.

Pu
ll

en
ia

 
sp
. 

C.
 

Pl
at

e 
22

, 
fi

gu
re

 
2.
 

Th
re

e 
la

rg
e 

in
di

vi
du

- 
al
s,
 
ch

ar
ac

te
ri

ze
d 

by
 
pl
an
is
pi
ra
l 

in
vo
lu
te
 
te

st
s 

co
mp
os
ed
 
of

 
fi

ve
 
in
fl
at
ed
 
ch
am
be
rs
, 

ar
e 

as
si
gn
ed
 
to
 
th

is
 
sp

ec
ie

s.
 

Ea
ch

 
te

st
 

ha
s 

a 
lo
ba
te
 
pe

ri
ph

er
y 

an
d 

an
 
in
fl
at
ed
 
ap
er
tu
ra
l 

fa
ce

. 
Th

e 
ap
er
tu
re
 
is
 
a 

th
in

 
in

te
ri

om
ar

gi
na

l 
ar

ch
 

ru
nn

in
g 

ne
ar

ly
 

fr
om
 
um
bi
li
cu
s 

to
 
um
bi
li
cu
s 

an
d 

th
e 

su
tu
re
s 

ar
e 

de
pr
es
se
d.

Ba
nd

y,
 
19

60
b,

 
ge
ne
ra
l 

tr
en

ds
.

Mu
rr
ay
, 

19
73

, 
R,

 
ge
ne
ra
l 

ec
ol

og
y 

& 
di

st
ri

bu
ti

on
,

Bo
lt
ov
sk
oy
 
& 
Wr
ig
ht
, 

19
76

, 
Re
ce
nt
 
Fo

ra
mi

ni
fe

ra
.

Di
st

ri
bu

ti
on

A 
si
ng
le
 
sp

ec
im

en
 
of

 
Pu

ll
en

ia
 
sp
. 

A 
wa

s 
re

co
ve

re
d 

in
 

th
e 

mu
d 

in
te
rv
al
 
ly

in
g 

fr
om

 
80
 
to
 
82

 
cm

 
do
wn
co
re
. 

Tw
o 

ex
am
­ 

pl
es
 
of

 
Pu
ll
en
ia

 
sp

. 
B 

we
re
 
ob

ta
in

ed
 
fr
om
 
th
e 

mu
d 

in
te

rv
al

s 
lo
ca
te
d 

fr
om
 

12
0 

to
 
12
2 

an
<?

 
27
0 

to
 
27
2 

cm
, 

wh
il

e 
tw

o 
ot
he
r 

sp
ec
im
en
s,
 
ac
co
un
ti
ng
 
fo

r 
le

ss
 
th

an
 
1%
 
of
 
th

e 
fa

un
al

 
as
se
m­
 

bl
ag

e,
 

we
re
 

re
co

ve
re

d 
fr

om
 
th
e 

sa
nd
y 

mu
d 

la
ye

r 
fr
om
 
18
0 

to
 

18
2 

cm
. 

In
 
ad
di

ti
on

, 
si

ng
ul

ar
 
sp

ec
im

en
s 

of
 
Pu

ll
en

ia
 

sp
. 

C 
we
re
 

ob
ta

in
ed

 
fr

om
 
th
re
e 

sa
mp
le
s 

in
 
th
is
 
s
t
u
d
y
.
T
w
o
 
of
 
th
e 

in
di

vi
du

al
s 

we
re
 
re

co
ve

re
d 

fr
om
 
th
e 

mu
d 

in
te
rv
al
s 

ly
in

g 
fr
om



27
0 

to
 

27
2 

an
d 

31
0 

to
 

31
2 

cm
 
do
wn
co
re
. 

Th
e 

th
ir

d 
wa
s 

ex
tr
ac
te
d 

fr
om

 
th

e 
sa

nd
 
de
po
si
t 

be
tw

ee
n 

41
2 

an
d 

41
4.
5 

cm
.

Py
rg
o 

de
pr

es
sa

 
(d

'O
rb

ig
ny

) 
Pl

at
e 

5,
 
fi

gu
re

 
3

Py
rg

o 
mu
rr
hi
na
 
(S

ch
wa

ge
r)

; 
Cu
sh
ma
n 

(i
n 

pa
rt

),
 
19

32
, 

p.
 

64
- 

65
, 

pi
. 

15
, 

fi
gs

. 
1-

2;
 

Ph
le

ge
r 

an
d 

Pa
rk

er
, 

19
51

, 
p.
 

7,
 
pi
. 

3,
 
fi
g.
 

11
; 

Uc
hi

o,
 
19

60
, 

pi
. 

2,
 
fi
g.
 
25

; 
Ba

nd
y,

 
19
61
, 

p.
 

16
, 

pi
. 

5,
 
fi
g.
 

5;
 

In
gl
e,
 
19

73
, 

p.
 
53
6,
 
54

5,
 
55

3,
 
55

6,
 
56
3;
 

Ma
to
ba
 
an

d 
Ya
ma
gu
ch
i,
 
19

82
, 

p.
 
10
48
.

Py
rg

o 
mu
rr
hy
na
 
(S

ch
wa

ge
r)

; 
Ba

rk
er

, 
19

60
, 

p.
 

4,
 
pi
. 

2,
 
fi
gs
. 

10
, 

11
, 

15
.

Bi
lo
cu
li
 n
a 

de
pr

es
sa

 
d'

Or
bi

gn
y;

 
d'
Or
bi
gn
y,
 

18
26

, 
p.
 

29
8,

 
mo
de
le
s 

no
. 

9
1
;
C
u
s
h
m
a
n
,
 
19

17
, 

p.
 
74
-7
5,
 
pi

. 
28

, 
fi

gs
. 

1"
2;

 
Cu
sh
ma
n,
 
19

27
a,
 
p.

 
14

0,
 
pi
. 

2,
 
fi
g.
 

2.
Py

rg
o 

de
pr
es

sa
 
(d
'O
rb
ig
ny
);
 

Dr
oo

ge
r,

 
19

53
, 

p.
 
12
1,
 
pi

. 
19
, 

fi
g.

 
11
; 

Ba
rk
er
, 

19
60

, 
p.
 

4,
 

pi
. 

2,
 
fi
gs
. 

12
, 

16
, 

17
; 

Ba
nd

y 
an

d 
Ro

do
lf
o,
 
19
64
, 

p.
 
82

8,
 
fi
g.
 
5B

; 
In
gl
e,
 

19
73
, 

"p
, 

56
3;
 
Ma
to
ba
 
an

d 
Ya
ma
gu
ch
i,
 
19

82
, 

p.
 
10
45
.

To
dd

 
fc 

Lo
w,
 
19
67
, 

R,
 
Gu

lf
 
of
 
Al
as
ka
 

fc 
SE
 
Al

as
ka

. 
Cu
sh
ma
n,
 
19

27
a,
 
R,

 
W.

 
co

as
t,

 
Or
eg
on
 
to

 
Ce
nt
ra
l 

Am
er

. 
Re

si
g,

 
19
58
, 

R,
 
Sa

nt
a 

Cr
uz
 
Ba
si
n,
 
CA

. 
Cr
ou
ch
, 

19
52

, 
R,
 
11

 
de

ep
 
ba
si
ns
 
of

f 
so
ut
he
rn
 
CA
. 

Ba
gg
, 

19
12
, 

Pl
io

-P
le

is
 
(?
),
 
so

. 
CA
.,
 
Ti

mm
s 

Po
in

t*
. 

Ma
to

ba
 
& 

Ya
ma
gu
ch
i,
 
19
82
, 

Pl
io

-H
ol

oc
en

e,
 
Gu

lf
 
of
 
CA
. 

Ba
nd

y 
t 

Ro
do

lf
o,
 
19
64
, 

R,
 
so
. 

Ec
ua

do
r 

to
 
ce
nt
ra
l 

Ch
il
e,
 

In
gl

e,
 
Ke
ll
er
 
& 

Ko
lp
ac
k,
 
19
80
, 

R,
 
Pe
ru
-C
hi
le
 
Tr
en
ch
. 

D
o
u
g
l
a
s
 
& 
Wo
od
ru
ff
, 

19
81

, 
de

ep
-s

ea
 
be
nt
ho
ni
c 

fo
ra
ms
. 

Cu
sh
ma
n,
 
19
17
, 

R,
 
Pa
ci
fi
c 

Oc
ea

n,
 
Mi
li
ol
id
ae
.

Di
st
ri
bu
t 
io

n

Be
rg
en
 

£. 
O'

Ne
il

, 
19
79
, 

R,
 
Gu

lf
 
of

 
Al
as
ka
.

Cu
sh

ma
n,

 
19
27
a,

 
R,
 
W.

 
co

as
t,

 
Or
eg
on
 
to
 
Ce

nt
ra

l 
Am

er
.

Cr
ou
ch
, 

19
52

, 
R,
 
11
 
de

ep
 
ba
si
ns
 
of
f 

so
ut

he
rn

 
CA

.
Ba

nd
y,

 
19
63
a,
 
R,
 
so

. 
CA

. 
co

nt
in

en
ta

l 
bo

rd
er

la
nd

.
Ba
nd
y 

& 
Ch

ie
ri

ci
, 

19
66

, 
R,
 
Ca

li
fo

rn
ia

 
& 
Me
di
te
rr
an
ea
n.

Ba
gg
, 

19
12

, 
Pl

io
-P

le
is

 
(?

),
 
so

. 
CA
.,
 
Ti
mm
s 

Po
in

t*
.

Ba
nd

y,
 
19

61
, 

R,
 
Gu

lf
 
of

 
CA
.,
 
in
te
rt
id
al
-1
00
0*
 
fa

th
om

s.
Th
is
 
sp

ec
ie

s 
wa

s 
fo

un
d 

to
 
be
 
a 

no
n-
do
mi
na
nt
 

me
mb
er
 

of
 

th
e 

up
pe

r 
mi

dd
le

 
ba

th
ya

l 
bi
of
ac
ie
s 

be
tw

ee
n 

th
e 

de
pt
hs
 

of
 
12

19
 
an

d 
15
24
 
me

te
rs

, 
wi
th
 
wa

te
r 

te
mp

er
at

ur
es

 
ra

ng
­ 

in
g 

fr
om

 
2.

5 
to

 
3.

5C
.

Ma
to

ba
 

fc 
Ya
ma
gu
ch
i,
 
19

82
, 

Pl
io

-H
ol

oc
en

e,
 
Gu

lf
 
of
 
CA

.
Ba
nd
y 

& 
Ar

na
l,

 
19
57
, 

R,
 
W.
 
co
as
t 

of
 
Ce

nt
ra

l 
Am
er
ic
a.

In
gl

e,
 
Ke
ll
er
 
& 

Ko
lp

ac
k,

 
19

80
, 

R,
 
Pe
ru
-C
hi
le
 
Tr

en
ch

.
Re

si
g,

 
19

76
, 

Eo
ce
ne
-R
, 

DS
DP
, 

Na
zc

a 
Pl
at
e,
 
Pe
ru
.

Ph
le
ge
r,
 
Pa

rk
er

 
an

d 
Pe

ir
so

n,
 
19

53
, 

R,
 
eq

.-
N.

 
At
la
nt
ic
.

Ph
le

ge
r,

 
19
51
b,

 
R,
 
No

rt
hw

es
t 

Gu
lf

 
of
 
Me

xi
co

.
Ph

le
ge

r 
£. 

Pa
rk

er
, 

19
51

, 
R,
 
NW

 
Gu

lf
 
of
 
Me
x.
 

£. 
At
la
nt
ic
.

Cu
sh
ma
n 

& 
To
dd
, 

19
45

, 
Mi
o,
 
Bu
ff
 
Ba
y,
 
Ja

ma
ic

a.
Do
ug
la
s 

& 
Wo
od
ru

ff
, 

19
81
, 

de
ep

-s
ea

 
be
nt
ho
ni
c 

fo
ra
ms
.

Cu
sh
ma
n,
 
19

32
, 

R,
 
tr

op
ic

al
 
Pa

ci
fi

c,
 
As

tr
oh

iz
.-

Tr
oc

ha
m.

Cu
sh
ma
n,
 
19

17
, 

R,
 
Pa
ci
fi
c 

Oc
ea

n,
 
Mi
li
ol
id
ae
.

Wi
th

 
th
e 

ex
ce

pt
io

n 
of

 
a 

si
ng

le
 

sp
ec

im
en

 
of
 

Py
rq
o 

de
pr
es
sa
 

re
co
ve
re
d 

fr
om

 
th
e 

sa
nd

 
in
te
rv
al
 
at

 
13
3.
5 

to
 
13
6.
5 

cm
 
do
wn
co
re
, 

th
e 

ta
xo
n 

wa
s 

ob
ta
in
ed
 

ex
cl

us
iv

el
y 

fr
om
 

mu
d 

in
te

rv
al

s 
in

 
th

e 
up
pe
r 

ha
lf

 
of
 
th
e 

co
re

. 
Re
co
ve
re
d 

in
 
a 

to
ta
l 

of
 
si
x 

sa
mp
le
s 

be
tw
ee
n-
th
e 

de
pt

hs
 
of
 
12

0 
an

d 
19

2 
cm

, 
Py

rg
o 

de
pr

es
sa

 
ne

ar
ly

 
al

wa
ys

 
co

mp
ri

se
s 

le
ss

 
th

an
 
1%
 
of

 
th
e 

as
se

mb
la

ge
. 

On
ly
 
in

 
th
e 

mu
d 

la
ye

r 
fr
om

 
12
0 

to
 
12
2 

cm
 

do
es
 

th
e 

sp
ec

ie
s 

ac
co
un
t 

fo
r 

a 
ma

xi
mu

m 
of

 
1.

8%
 
of

 
th
e 

fa
un

a.

Py
rg

o 
mu

rr
hi

na
 
(S
ch
wa
ge
r)
 

Pl
at

e 
5
,
f
i
g
u
r
e
s
 
1,
 

2

Di
st

ri
bu

ti
on

Ex
am

pl
es

 
of

 
Py

rq
o 

mu
rr

hi
na

 
we
re
 
ob
ta
in
ed
 
in

 
mu
d,
 

sa
nd

 
an
d 

sa
nd
y 

mu
d 

de
po

si
ts

 
be

tw
ee

n,
 t

he
 
de
pt
hs
 
of
 
80

 
an
d 

27
2 

cm
 

do
wn
co
re
 
an
d 

in
 
th
e 

lo
we
rm
os
t 

sa
mp
le
 
fr

om
 
46

7.
5 

to
 
46
9.
5 

cm
. 

As
so
ci
at
ed
 

pr
im
ar
il
y 

wi
th

 
th
e 

mu
d 

la
ye

rs
, 

th
e 

sp
ec
ie
s 

ge
n­

 
er

al
ly

 
co

mp
ri

se
s 

le
ss
 
th

an
 
1%
 
of
 
th
e 

fa
un
a,
 
bu
t 

pe
ak

s 
at

 
1.
3 

an
d 

3.
0%
 

in
 
th

e 
mu

d 
in

te
rv

al
s 

fr
om

 
16
7.
5 

to
 
17
0 

an
d 

12
0 

to
 

12
2 

cm
, 

re
sp
ec
ti

ve
ly

. 
In

 
th
e 

on
e 

sa
nd

 
an
d 

tw
o 

sa
nd
y 

mu
d 

la
ye
rs
 

wh
er
e 

it
 

wa
s 

ob
ta
in
ed
, 

Py
rg
o 

mu
rr

hi
na

 
ac
co
un
ts
 
fo
r 

le
ss
 
th

an
 
1%

 
of

 
th
e 

fa
un

al
 
as
se
mb
la
ge
.

Bi
lo
cu
li
na
 
mu

rr
hy

na
 
Sc

hw
ag

er
; 

Sc
hw

ag
er

, 
18

66
, 

p.
 

20
3,
 

pi
. 

4,
 

fi
g.

 
15

; 
Cu

sh
ma

n,
 
19

17
, 

p.
 
75

, 
pi

. 
28

, 
fi

g.
 
3;

 
pi

. 
29

, 
fi

g.
 
1.

f>
0 
O
 

CO



Qu
in
qu
el
oc
ul
in
a 

ak
ne

ri
an

a 
d'
Or
bi
gn
y 

Pl
at
e 

3
"
f
i
g
u
r
e
 
6

Qu
in
qu
el
oc
ul
in
a 

ak
ne

ri
an

a 
d'

Or
bi

gn
y;

 
d'
Or
bi
gn
y,
 

18
46

, 
p.
 

2
9
0
,
p
l
i
1
8
,
 

fi
gs
. 

16
-2

1;
 

Ga
ll

ow
ay

 
an

d 
Wi

ss
le

r,
 
19

27
, 

p.
 

38
-3

9,
 
pi

. 
7,

 
fi

g.
 
3;

 
Cu

sh
ma

n,
 
St
ew
ar
t,
 
an

d 
St
ew
ar
t,
 

19
30

, 
p.

 
52

, 
pi

. 
2,
 
fi
g.
 

1;
 

In
gl

e,
 
19
73
, 

p.
 
54

9;
 

Ha
ll
er
, 

19
80

, 
p.
 
23

1,
 
pi

. 
2,
 
fi
g.
 
4.

Gr
ee

n,
 
19
60
, 

R,
 
ce

nt
ra

l 
Ar

ct
ic

 
Ba
si
n.

On
e 

of
 
th
e 

fo
ur
 
go
od
 
in

di
ca

to
r 

sp
ec
ie
s 

de
fi

ne
d 

by
 
Gr

ee
n 

fo
r 

th
e 

ab
ys
sa
l 

bi
of

ac
ie

s 
in

 
ce

nt
ra
l 

Ar
ct
ic
 
Ba

si
n.

 
Th

e 
ab
ys
sa
l 

re
gi
on
 
he
re
 
is

 
de

fi
ne

d 
by
 

th
es
e 

pa
ra
me
te
rs
: 

de
pt
h 

be
tw

ee
n 

22
50
 
an
d 

27
60

 
me

te
rs

, 
te

mp
er

at
ur

e 
ra
ng
in
g 

be
tw

ee
n 

-0
.4

0 
an
d 

-0
.4

2C
, 

an
d 

sa
li

ni
ty

 
un
kn
ow
n 

bu
t 

pr
ob
ab
ly
 
35
°/
oo
. 

"C
ur

ti
s 

(1
95
5)
 
po

in
te

d 
ou
t 

th
at

 
Qu
in
- 

gu
el

oc
ul

in
a 

is
 
ty

pi
ca

ll
y 

fo
un

d 
in

 
sh
al
lo
w 

wa
te
r 
b
u
t
T
s
 

no
t 

ex
cl

ud
ed

 
fr

om
 
a 

de
ep
er
 
ha
bi
ta
t.
"

La
go

e,
 
19

77
, 

R,
 
ce
nt
ra
l 

Ar
ct

ic
 
Oc

ea
n.

To
dd
 
t 

Lo
w,
 
19
67
, 

R,
 
Gu
lf
 
of

 
Al
as
ka
 

(, 
SE

 
Al
as
ka
.

Be
rg
en
 

{, 
O'
Ne
il
, 

19
79

, 
R,

 
Gu
lf
 
of

 
Al

as
ka

.
Co

op
er

, 
19
61
, 

R,
 
in

te
rt

id
al

, 
CA

. 
(, 
Or
eg
on
 
co

as
t.

Na
tl

an
d,

 
19

33
, 

R 
an

d 
Pi

co
 
Fm
.,
 
Sa

n 
Pe

dr
o 

t 
Ve
nt
ur
e,
 
CA

.
Ba

nd
y,

 
19

63
b,

 
R,

 
pa
ra
li
c,
 
so
. 

CA
. 

{, 
Gu

lf
 
of
 
CA

.
Ga

ll
ow

ay
 
& 

Wi
ss
le
r,
 
19

27
, 

Pl
ei

s,
 
Pa
lo
s 

Ve
rd
es
, 

CA
.

In
gl

e,
 
19
80
, 

Te
rt
ia
ry
, 

so
. 

CA
. 

co
nt

in
en

ta
l 

bo
rd

er
la

nd
.

Ba
nd

y,
 
19
56
, 

ge
ne
ra
l 

tr
en

ds
.

Do
ug

la
s 

{, 
wo

od
ru

ff
, 

19
81

, 
de

ep
-s

ea
 
be

nt
ho

ni
c 

fo
ra

ms
.

Cu
rt
is
, 

19
55

, 
Eo

ce
ne

, 
Te

xa
s,

 
Qu

in
qu

el
oc

ul
in

a.

Di
st

ri
bu

ti
on

Fo
ur

 
mu
d 

in
te

rv
al

s 
an
d 

on
e 

sa
nd

 
la
ye
r 

be
tw

ee
n 

th
e 

de
pt
hs
 

of
 

36
9.
5 

an
d 

44
7.

5 
cm
 
do
wn
co
re
 
yi
el
de
d 

sp
ec

im
en

s 
of

¥ui
nq

ue
lo

cu
li

na
 
ak

ne
ri

an
a.

 
Th
e 

ta
xo
n 

al
wa

ys
 

ac
co

un
ts

 
fo

r 
es

s 
th
an
 
1%
 
of

 
th
e 

fa
un
al
 
as
se
mb
la
ge
.

Qu
in

qu
el

oc
ul

in
a 

el
on
ga
ta

 
Na
tl
an
d 

Pl
at

e 
4,
 
fi

gu
re

 
2

Qu
in

qu
el

oc
ul

in
a 

el
on

ga
ta

 
Na
tl
an
d;
 

Na
tl

an
d,

 
19

38
, 

p.
 

14
1-

 
14

2,
 
pi

. 
4,
 
fi

g.
 

5;
 

La
nk

fo
rd

 
an
d 

Ph
le
ge
r,
 
19

73
, 

p.
 
12
6,
 
pi

. 
1,

 
fi

g.
 
19

; 
Ha

ll
er

, 
19

80
, 

p.
 
23

1,
 
pi
. 

2,
 
fi

g.
 
6;

 
Ma

to
ba

 
an

d 
Ya

ma
gu

ch
i,

 
19
82
, 

p.
 
10
48

.

Cu
sh
ma
n 

t 
To
dd
, 

19
47

a,
 
R,
 
sh

al
lo

w 
wa

te
r,

 
co

as
t 

of
 
WA
. 

La
nk
fo
rd
, 

19
62
, 

R,
 
tu

rb
ul

en
t 

zo
ne

, 
W.

 
co
as
ta
l 

N.
 
Am

er
ic

a.
 

La
nk
fo
rd
 

fc 
Ph

le
ge
r,

 
19

73
, 

R,
 
W.
 
co
as
ta
l 

N.
 
Am

er
ic

a.
 

Cu
sh
ma
n,
 
19
27
a,
 
R,
 
W.

 
co

as
t,

 
Or

eg
on

 
to
 
Ce
nt
ra
l 

Am
er

. 
Mc

Gl
as

so
n,

 
19

59
, 

R,
 
li
vi
ng
 

(, 
de
ad
, 

S.
 
Ca
ta
li
na
 
Is

.,
 
CA

. 
Ma

to
ba

 
t 

Ya
ma
gu
ch
i,
 
19
82
, 

Pi
io

-H
ol

oc
en

e,
 
Gu

lf
 
of

 
CA

. 
Ba

nd
y,

 
19

56
, 

ge
ne
ra
l 

tr
en

ds
.

Do
ug
la
s 

£. 
Wo
od
ru

ff
, 

19
81

, 
de
ep
-s
ea
 
be
nt
ho
ni
c 

fo
ra
ms
. 

Cu
rt
is
, 

19
55

, 
Eo

ce
ne

, 
Te

xa
s,

 
Qu
in
qu
el
oc
ul
in
a.

Di
st

ri
bu

ti
on

Tw
o 

po
or
ly
 
pr

es
er

ve
d 

sp
ec
im
en
s 

of
 
Qu
in
qu
el
oc
ul
in
a 

el
on
- 

qa
ta
, 

ac
co

un
ti

ng
 
fo
r 

le
ss

 
th
an
 
1%
 
of

 
th
e 

fa
un

al
 
as
se
mb
la
ge
, 

we
re
 
re
co
ve
re
d 

fr
om
 
th
e 

mu
d 

in
te

rv
al

 
lo
ca
te
d 

34
6.
5 

to
 

34
9.
5 

cm
 
do
wn
co
re
.

?ui
nq
ue
lo
cu
li
na
 
sp
p.
 

at
e 

4
,
f
i
g
u
r
e
s
 
1,

 
7

Qu
ni
qu
el
oc
ul
in
a 

sp
. 

A.
 

Pl
at

e 
4,
 
fi

gu
re

 
1.
 

Si
ng

le
 
sp

ec
im

en
. 

R
o
b
u
s
t
t
e
s
t
,
s
l
i
g
h
t
l
y
 
el

on
ga

te
 
in

 
si

de
 
vi

ew
, 

ap
pr
ox
im
at
el
y 

tw
o 

ti
me
s 

as
 

lo
ng
 

as
 

br
oa

d.
 

Su
rf
ac
e 

sm
oo

th
, 

ap
er
tu
re
 

ob
sc

ur
ed

 
so

 
no
 

to
ot

h 
co

ul
d 

be
 
se
en
. 

Ve
ry

 
la

rg
e 

ap
er

tu
ra

l 
op
en
in
g.

Qu
in

qu
el

oc
ul

in
a 

sp
. 

B.
 

Pl
at

e 
4,

 
fi

gu
re

 
7.
 

Si
ng

le
 
sp
ec
im
en
. 

No
rm

al
 

si
ze

 
te

st
, 

ap
pr
ox
im
at
el
y 

tw
o 

ti
me
s 

as
 
lo

ng
 
as

 
br

oa
d.

 
Ap

er
tu

re
 
a 

sm
al

l 
op
en
in
g,
 
ob
sc
ur
ed
 

so
 

no
 

to
ot

h 
co

ul
d 

be
 

se
en
. 

Sm
oo
th
 
su
rf
ac
e 

te
xt

ur
e.

Qu
in

qu
el

oc
ul

in
a 

sp
p.
 

Ot
he

r 
sp
ec
im
en
s 

we
re
 

re
co

ve
re

d 
bu
t 

c
o
u
l
d
 
n
o
!
 
B
e
"
 
id

en
ti

fi
ed

 
du
e 

to
 
th
ei
r 

po
or

 
pr

es
er

va
ti

on
al

 
st

at
e.

In
gl

e,
 
19
80
, 

Te
rt

ia
ry

, 
so
. 

CA
. 

co
nt

in
en

ta
l 

bo
rd
er
la
nd
 

Ba
nd

y,
 
19

56
, 

ge
ne
ra
l 

tr
en

ds
.

Mu
rr
ay
, 

19
73
, 

R,
 
ge

ne
ra

l 
ec

ol
og

y 
fc 
di
st
ri
bu
ti
on
. 

Bo
lt
ov
sk
oy
 
& 

Wr
ig

ht
, 

19
76
, 

Re
ce

nt
 
Fo
ra
mi
ni
fe
ra
.



Do
ug
la
s 

& 
Wo
od
ru
ff
, 

19
81
, 

de
ep
-s
ea
 
be

nt
ho

ni
c 

fo
ra

ms
, 

Cu
rt

is
, 

19
55
, 

Eo
ce

ne
, 

Te
xa

s,
 
Qu
in
qu
el
oc
ul
in
a.

Di
st
r 
ib
ut
 i
on

A 
si
ng
le
 

sp
ec

im
en

 
of

 
Qu
in
qu
el
oc

ul
in

a 
sp

. 
A 

wa
s 

re
co
ve
re
d 

fr
om
 

th
e 

sa
nd

y 
mu
d 

sa
mp

le
 
lo
ca
te
d 

fr
om

 
36
9.
5 

to
 

37
2.
5 

cm
 
do
wn
co
re
, 

wh
il

e 
th
e 

re
pr

es
en
ta

ti
ve

 
of

 
Qu

in
qu

el
oc

uf
 

li
na
 

sp
. 

B 
wa

s 
ob
ta
in
ed
 
fr

om
 
th
e 

mu
d 

in
te

rv
al

 
ly

in
g 

be
tw

ee
n 

16
7.
5 

an
d 

17
0 

cm
. 

In
 
ad

di
ti

on
, 

si
ng
ul
ar
 
un

id
en

ti
fi

ed
 
sp

ec
i­

 
me
ns
 
of

 
Q
u
i
n
q
u
e
l
o
c
u
l
i
n
a
 
we

re
 
ac
qu
ir
ed
 
fr

om
 
tw
o 

mu
d 

in
te

rv
al

s 
sa
mp
le
d 

fr
om

 
33
0 

to
 
33

2 
an

d 
44

5 
to

 
44
7.
5 

cm
 
do

wn
co

re
.

Mo
ri

n,
 
19
71
, 

la
te
 
Q,
 
Sa
n 

Fr
an
ci
sc
o,
 
L.
A.
, 

Ba
ja

 
CA

. 
Za

le
sn

y,
 
19
59
, 

R,
 
li

vi
ng

 
& 

de
ad

, 
Sa

nt
a 

Mo
ni
ca
 
Ba
y,
 
CA

. 
Uc

hi
o,

 
19

60
, 

R,
 
li
vi
ng
 
& 

de
ad

, 
Sa

n 
Di

eg
o,

 
CA

. 
Do

ug
la

s 
& 
Wo
od
ru
ff
, 

19
81
, 

de
ep

-s
ea

 
be

nt
ho

ni
c 

fo
ra
ms
. 

Cu
sh
ma
n 

£, 
Mc

Cu
ll

oc
h,

 
19

39
, 

R,
 
Ha

nc
oc

k 
Ex
p.
 , 

Ar
en

ac
eo

us
,

Di
st

ri
bu

ti
on

Fr
ag

me
nt

ed
 
ex
am
pl
es
 
of

 
Re

op
ha

x 
co
mm
un
is
 

we
re

 
ac

qu
ir

ed
 

fr
om

 
th

e 
mu
d 

in
te

rv
al

 
lo

ca
te

d 
fr

om
 
20

 
to
 
23

.5
 
cm

 
do
wn
co
re
.

Re
cu

rv
oi

de
s 

sp
p.
 

Pl
at
e 

1,
 
fi

gu
re

 
9

Re
cu
rv
oi
de
s 

sp
p.
 

Th
re

e 
sp

ec
im

en
s,

 
on

e 
of

 
wh

ic
h 

is
 

fi
gu

re
d,

 
a
r
e
a
s
s
i
g
n
e
d
 

to
 

th
is

 
ge

nu
s.

 
Th
ei
r 

te
st
s 

ar
e 

pr
im

ar
il

y 
fi
ne
ly
 
ar
en
ac
eo
us
, 

bu
t 

oc
ca
si
on
al
 
co

ar
se

 
gr
ai
ns
 

ar
e 

se
en

. 
Th

e 
ch

am
be

rs
 
ar
e 

in
it

ia
ll

y 
pl

an
is

pi
ra

ll
y 

ar
ra
ng
ed
, 

bu
t 

be
gi
n 

to
 
co

il
 
in

 
a 

sl
ig

ht
ly

 
di
ff
er
en
t 

di
re

ct
io

n 
in

 
th
e 

ad
ul
t 

te
st
. 

Th
e 

ap
er
tu
re
 

is
 

us
ua
ll
y 

no
t 

ap
pa
re
nt
, 

bu
t 

in
 
th
e 

fi
gu
re
d 

sp
ec
im
en
, 

is
 
an

 
in

te
ri

om
ar

gi
na

l 
ov

al
 
su

rr
ou

nd
ed

 
by
 

a 
li
p.
 

Ti
me

 
di
d 

no
t 

pe
rm
it
 
id

en
ti

fi
ca

ti
on

 
to
 
th
e 

sp
ec

if
ic

 
le

ve
l.

Re
op
ha
x 

de
nt
al
in
if
or
mi
s 

Br
ad
y 

Pl
at
e 
1
,
f
i
g
u
r
e
 
7

Re
op

ha
x 

de
nt

al
in

if
or

mi
s 

Br
ad
y;
 

Br
ad

y,
 
18

81
, 

p.
 

49
; 

Ha
nn

a 
a
n
d
C
H
u
r
c
h
,
1
9
2
7
,
p
T
 

20
0;

 
Ba

rk
er

, 
19

60
, 

p.
 
62

, 
pi

. 
30
, 

fi
gs
. 

21
-2

2;
 
Uc

hi
o,

 
19

60
, 

pi
. 

1,
 
fi

g.
 
4;
 

Ph
le

ge
r,

 
19

64
, 

pi
. 

1,
 

fi
g.

 
1;
 

Sm
it

h,
 

19
64

, 
p.
 
B2
7,
 
pi

. 
1,
 
fi

g.
 

2;
 

Ha
yn

es
, 

19
81

, 
p.
 
10
9,
 
ke
y 

fi
g.

 
6.

9,
 
fi

g.
 
15
.

Wa
lt

on
, 

19
55

, 
R,

 
To

do
s 

Sa
nt

os
 
Ba
y,
 
Ba
ja
 
CA
.,
 
Me

xi
co

, 
Do

ug
la

s 
t> 
Wo

od
ru

ff
, 

19
81
, 

de
ep
-s
ea
 
be

nt
ho

ni
c 

fo
ra

ms
,

Di
st
ri
bu
ti
on

Th
re

e 
sp

ec
im

en
s 

of
 
Re
cu
rv
oi
de
s,
 
ac

co
un

ti
ng

 
fo
r 

1.
2%

 
of
 

th
e 

fa
un

al
 
as

se
mb

la
ge

, 
we
re
 
re
co
ve
re
d 

fr
om

 
th
e 

mu
d 

in
te
rv
al
 

lo
ca

te
d 

fr
om

 
20

 
to
 
23

.5
 
cm

 
do

wn
co

re
.

Sm
it

h,
 
19
73
, 

Pl
ei
s?
 
& 

Ho
lo
ce
ne
, 

No
rt
h 

Pa
ci
fi
c 

Oc
ea
n.
 

Cu
sh
ma
n,
 
19

27
a,

 
R,
 
W.

 
co

as
t,

 
Or

eg
on

 
to
 
Ce
nt
ra
l 

Am
er

. 
Ha
nn
a 

& 
Ch
ur
ch
, 

19
27

, 
R,
 
Sa
n 

Fr
an
ci
sc
o 

Ba
y,
 
CA
. 

Mo
ri

n,
 
19
71
, 

la
te

 
Q,

 
Sa
n 

Fr
an

ci
sc

o,
 
L.

A.
, 

Ba
ja
 
CA

. 
Cu

sh
ma

n 
fc 

Mo
ye

r,
 
19

30
, 

R,
 
Sa
n 

Pe
dr

o,
 
CA
.

Th
is

 
sp
ec
ie
s 

wa
s 

fo
un

d 
on
ly
 
at
 
a 

de
pt

h 
of
 
33
8 

me
te

rs
. 

Na
tl

an
d,

 
19

33
, 

R 
an
d 

Pi
co
 
Fm
.,
 
Sa

n 
Pe

dr
o 

& 
Ve
nt
ur
e,
 
CA
. 

Ph
le
ge
r,
 
19
64
, 

li
vi
ng
, 

Gu
lf
 
of

 
Ca

li
fo

rn
ia

. 
Sm

it
h,

 
19
64
, 

R,
 
El
 
Sa
lv
ad
or
 
& 
Ni

ca
ra

gu
a.

 
In
gl
e,
 
Ke
ll
er
 
& 

Ko
lp
ac
k,
 
19

80
, 

R,
1 
Pe
ru
-C
hi
le
 
Tr

en
ch

. 
Ph
le
ge
r 

(< 
Pa

rk
er

, 
19
51
, 

R,
 
NW

 
Gu
lf
 
of
 
Me

x.
 

(< 
At

la
nt

ic
. 

Do
ug
la
s 

& 
Wo

od
ru

ff
, 

19
81
, 

de
ep

-s
ea

 
be

nt
ho

ni
c 

fo
ra

ms
. 

Cu
sh

ma
n,

 
19
10
, 

R,
 
Pa
ci
fi
c 

Oc
ea

n,
 
Ar

en
ac

eo
us

. 
Cu
sh
ma
n 

& 
Mc

Cu
ll

oc
h,

 
19

39
, 

R,
 
Ha

nc
oc

k 
Ex

p.
, 

Ar
en

ac
eo

us
.

Re
op

ha
x 

co
mm

un
is

 
La
cr
oi
x

Pl
at
e 

1
,
f
i
g
u
r
e
 
4

Di
st

ri
bu

ti
on

Re
op

ha
x 

co
mm

un
is

 
La
cr
oi
x;
 

La
cr

oi
x,

 
19
30
, 

p.
 
4-

5,
 
tf

s.
 

5-
7;
 

Uc
hi

o,
 
19
60
, 

pi
. 

1,
 
fi

g.
 
3.

Th
re

e 
sp
ec
im
en
s 

of
 
Re
op
ha
x 

de
nt
al
in
if
or
mi
s,
 

c
o
m
p
r
i
s
i
n
g
 

1.
2%

 
of
 

th
e 

fa
un

al
 
as

se
mb

la
ge

, 
we

re
 
re

co
ve

re
d 

fr
om

 
th

e 
mu

d 
in
te
rv
al
 
ly
in
g 

be
tw
ee
n 

20
 
an
d 

23
.5
 
cm

 
do

wn
co

re
.

O cn



ro
 

o O)

Re
op
ha
x 

di
 s
ta

ns
 
qr

ac
il

is
 
Ea
rl
an
d 

Pl
at
e 

1,
 
fi

gu
re

 
8

Ro
be

rt
in

a 
br

ad
yi

 
Cu

sh
ma

n 
an

d 
Pa
rk
er
 

Pl
at

e 
12

, 
fi

gu
re

 
8

Re
op
ha
x 

di
st
an
s 

Br
ad
y 

va
r.

 
qr

ac
il

is
 
Ea

rl
an

d;
 

Ea
rl

an
d,

 
19
33
, 

p.
 

76
, 

pi
. 

2,
 
fi
g.
 
21

.
Ro

be
rt

 i
na
 
br

ad
yi

 
Cu
sh
ma
n 

an
d 

Pa
rk

er
; 

Cu
sh

ma
n 

an
d 

Pa
rk

er
, 

19
36
, 

p.
 
99

, 
pi
. 

16
, 

fi
g.
 

9

Mo
ri

n,
 
19
71
, 

la
te

 
Q,
 
Sa

n 
Fr

an
ci

sc
o,

 
L.
A.
, 

Ba
ja

 
CA
. 

Za
le
sn
y,
 
19

59
, 

R,
 
li

vi
ng

 
fc 

de
ad

, 
Sa
nt
a 

Mo
ni

ca
 
Ba

y,
 
CA
. 

Uc
hi

o,
 
19

60
, 

R,
 
li

vi
ng

 
& 

de
ad
, 

Sa
n 

Di
eg

o,
 
CA

. 
wa
lt
on
, 

19
55
, 

R,
 
To
do
s 

Sa
nt

os
 
Ba

y,
 
Ba
ja
 
CA
.,
 
Me

xi
co

. 
Ph

le
ge

r,
 
19

64
, 

li
vi

ng
, 

Gu
lf

 
of

 
Ca
li
fo
rn
ia
. 

Do
ug
la
s 

£. 
Wo
od
ru
ff
, 

19
81
, 

de
ep
-s
ea
 
be
nt
ho
ni
c 

fo
ra

ms
.

Di
st

ri
bu

ti
on

Fr
ag
me
nt
ed
 
ex
am
pl
es
 
of

 
Re

op
ha

x 
di
st
an
s 

gr
ac
il
is
 

we
re

 
ac

qu
ir

ed
 
fr
om
 
th
e 

mu
d 

la
ye

r 
lo

ca
te

d 
fr

om
 
20
 
to

 
23

.5
 
cm

 
do
wn
- 

co
re
 .

Ph
le
ge
r,
 
Pa
rk
er
 
an

d 
Pe

ir
so

n,
 
19

53
, 

R,
 
eq

.-
N.

 
At
la
nt
ic
.

Cu
sh
ma
n 

& 
Pa
rk
er
, 

19
36

, 
R,
 
sp

ec
ie

s 
of

 
Ro

be
rt

in
a

Cu
sh

ma
n 

an
d 

Pa
rk
er
 
no
te
d 

th
at
 

t
h
e
h
o
l
o
t
y
p
e
 

wa
s 

co
l­

 
le
ct
ed
 

in
 

th
e 

Ca
ri

bb
ea

n 
Se
a 

an
d 

th
at
 
ot
he
r 

sp
ec
im
en
s 

we
re

 
ob

ta
in

ed
 
at
 
Al
ba
tr
os
s 

St
at

io
n 

D2
15

0 
in
 
69
9 

me
te
rs
 

of
 
wa

te
r.

Cu
sh
ma
n 

& 
Pa
rk
er
, 

19
47
, 

Mi
o-

R,
 
Bu

li
mi

na
.

Di
st

ri
bu

ti
on

A 
si
ng
le
 
sp

ec
im

en
 
of

 
Ro
be
rt
in
a 

br
ad

yi
 

wa
s 

re
co
ve
re
d 

fr
om

 
th
e 

mu
d 

in
te

rv
al

 
lo

ca
te

d 
fr

om
 
21
0 

to
 
21

2 
cm

 
do
wn
co
re
.

Re
op

ha
x 

(?
) 

sp
. 

Pl
at

e 
1,
 
fi

gu
re

 
5

Ro
sa
li
na
 
co

lu
mb

ie
ns

is
 
(C

us
hm

an
) 

Pl
at
e 

TT
, 

fi
gu

re
s 

3,
 

51
 

Pl
at
e 

24
, 

fi
gu

re
 

1

Re
op
ha
x 

(?
) 

sp
. 

Th
e 

si
ng

le
 
sp

ec
im

en
 
is

 
ch

ar
ac

te
ri

ze
d 

by
 
tw
o 

un
is
er
ia
l,
 
no

n-
ov

er
la

pp
in

g,
 
sp

he
ri

ca
l 

ch
am
be
rs
. 

Th
e 

wa
ll

 
is

 
fi

ne
ly

 
ar

en
ac

eo
us

 
an

d 
no
 
ap

er
tu

re
 
is

 
ap
pa
re
nt
.

Mu
rr
ay
, 

19
73
, 

R,
 
ge

ne
ra

l 
ec

ol
og

y 
t 
di

st
ri

bu
ti

on
, 

Bo
lt

ov
sk

oy
 
& 

Wr
ig

ht
, 

19
76

, 
Re

ce
nt

 
Fo

ra
mi

ni
fe

ra
.

Di
sc

or
bi

s 
co

lu
mb

ie
ns

is
 
Cu
sh
ma
n;
 

Cu
sh

ma
n,

 
19

25
b,

 
p.
 
43
, 

pi
. 

6,
 
fi
g.
 
13
.

Ro
sa

li
na

 
co

lu
mb

ie
ns

is
 
(C

us
hm

an
);

 
Uc

hi
o,

 
19
60
, 

p.
 
66
, 

pi
. 

8,
 

fi
gs

. 
1-
2"
; 

Sm
it

h,
 
19

64
, 

p.
 
B4

4,
 
pi

. 
5,
 
fi

g.
 

2;
 
La
nk
fo
rd
 
an

d 
Ph

le
ge

r,
 
19
73
, 

p.
 
12

7-
12

8,
 
pi

. 
5,
 
fi
gs
. 

10
-1

2;
 
Wa
gn
er
, 

19
78

, 
p.
 

20
1-

20
3,

 
pi

. 
3,
 
fi

g.
 
10
, 

pi
. 

4,
 
fi
gs
. 

1-
2;
 
Ha

ll
er

, 
19
80
, 

p.
 
25

5,
 
pi
. 

10
, 

fi
gs

. 
2,
 
4;
 

In
gl
e,
 

Ke
ll

er
, 

an
d 

Ko
lp
ac
k,
 

19
80

, 
p.

 
14
4.

Di
st
ri
bu
ti
on

A 
si

ng
le

 
sp

ec
im

en
, 

qu
es
ti
on
ab
ly
 
as
si
gn
ed
 
to
 

th
e 

ge
nu
s 

Re
op

ha
x,

 
wa

s 
ob

ta
in

ed
 
in

 
th
e 

mu
d 

in
te

rv
al

 
ly
in
g 

be
tw
ee
n 

60
 

an
d 

63
 
cm

 
do
wn
co
re
.

Co
ck
ba
in
, 

19
63
, 

R,
 
Ju
an
 
de

 
Fu

ca
 
& 
Ge
or
gi
a 

St
s.

, 
B.
C.

Th
is
 
sp
ec
ie

s 
wa

s 
fo

un
d 

be
tw
ee
n 

th
e 

de
pt

hs
 
of
 
30

 
an

d 
11

5
me
te
rs
.

Cu
sh

ma
n 

& 
To
dd
, 

19
47

a,
 
R,
 
sh
al
lo
w 

wa
te

r,
 
co

as
t 

of
 
WA
. 

La
nk
fo
rd
, 

19
62
, 

R,
 
tu
rb
ul
en
t 

zo
ne
, 

W.
 
co

as
ta

l 
N.

 
Am
er
ic
a.
 

La
nk
fo
rd
 

£> 
Ph
le
ge
r,
 
19

73
, 

R,
 
W.
 
co
as
ta
l 

N.
 
Am

er
ic

a.
 

Ha
ll

er
, 

19
80

, 
Pl

io
, 

Hu
mb

ol
dt

 
Ba

si
n,

 
Ca
li
fo
rn
ia
. 

Do
ug

la
s 

t 
He
it
ma
n,
 
19
79
, 

R,
 
so
. 

Ca
li
fo
rn
ia
 
bo
rd
er
la
nd
. 

Uc
hi

o,
 
19

60
, 

R,
 
li
vi
ng
 
& 

de
ad

, 
Sa
n 

Di
eg
o,
 
CA

.



Ph
le
qe
r 

(. 
Ew

in
g,

 
19
62
, 

R,
 
la

go
on

s,
 
Ba
ja
 
CA
.,
 
Me

xi
co

. 
Sm

it
h,

 
19
64
, 

R,
 
El

 
Sa
lv
ad
or
 

& 
Ni
ca
ra
gu
a.
 

In
gl

e,
 
Ke
ll
er
 

& 
Ko
lp
ac
k,
 
19
80
, 

R,
 
Pe
ru
-C
hi
le
 
Tr
en
ch
. 

Ph
le

ge
r,

 
Pa
rk
er
 
an
d 

Pe
ir
so
n 

(?
) 

, 
19

53
, 

R,
 
eq

.-
N.

 
At
la
nt
ic
. 

Br
ad
sh
aw
, 

19
61

, 
la

b 
ex

pe
ri

me
nt

s 
on

 
sh
al
lo
w 

fo
ra

ms
.

Di
 s
t 

r 
ib
ut
 i
on

Pr
es
en
t 

in
 
mu
d,
 
sa

nd
 
an
d 

sa
nd

y 
mu
d 

la
ye

rs
, 

Ro
sa
li
na
 

co
lu

mb
ie

ns
i 

s 
wa

s 
re
co
ve
re
d 

be
tw

ee
n 

th
e 

de
pt
hs
 
of

 
20

 
an

d 
46
9.
5 

c
m
3
o
w
n
c
o
r
e
.
 

In
 

th
e 

mu
d 

in
te

rv
al

s,
 

th
e 

ta
xo
n 

co
mp
ri
se
s 

be
tw

ee
n 

le
ss

 
th

an
 

1 
an

d 
5.

3%
 
of

 
th
e 

as
se
mb
la
ge
. 

In
 
th
e 

sa
nd

 
an

d 
sa
nd
y 

mu
d 

la
ye

rs
, 

th
e 

sp
ec
ie
s 

ac
co
un
ts
 

fo
r 

le
ss

 
th

an
 

1 
to
 
1.

5%
 
of

 
th
e 

fa
un
a.

Sa
cc

am
mi

na
 
sp
he
ri
ca
 
M.

 
Sa

rs
 

Pl
at
e 

1,
fi

gu
re

 
6

Sa
cc

am
mi

na
 
sp
ha
er
ic
a 

M.
 
Sa
rs
; 

M.
 
Sa

rs
, 

18
69

, 
p.

 
24

8;
 

Cu
sh

- 
ma

n 
an
d 

St
ai
nf
or
th
, 

19
45

, 
p.

 
13
, 

pi
. 

1,
 
fi

g.
 

5.
 

Sa
cc
am
mi
na
 
sp

ha
er

ic
a 

G.
O.

 
Sa
rs
; 

Cu
sh
ma
n,
 

19
10

, 
p.
 

39
-4
0,
 

fi
gs

. 
33

-3
6.

Sa
cc
am
mi
na
 
sp
he
ri
ca
 
M.

 
Sa

rs
 
ha
s 

be
en

 
fo

un
d 

as
 
fa

r 
no

rt
h 

as
 

t
h
~
e
A
m
e
r
a
s
i
a
n
 
Ba
si
n 

of
 
th
e 

Ar
ct
ic
 
Oc

ea
n,

 
wh
er
e 

it
 
wa
s 

a 
co
ns
ti
tu
en
t 

of
 
th

e 
Tr

oc
ha

mm
in

a 
na

na
 
bi

of
ac

ie
s 

be
tw
ee
n 

17
 
an

d 
35
0 

me
te

rs
 

(
L
a
g
o
e
"
1
9
7
9
a
)
.
 

In
 

th
e 

No
rt

h 
Pa

ci
fi

c,
 
th
is
 

sp
ec
ie
s 

is
 
we

ll
 
di
st
ri
bu
te
d 

in
 
th
e 

co
ld
er
 

wa
te
rs
 

(C
us

hm
an

, 
19

10
).

 
It
 

wa
s 

fo
un
d 

to
 

co
mp

ri
se

 
6%

 
of

 
th
e 

to
ta

l 
fa
un
al
 

as
se

mb
la

ge
 

at
 

72
30

 
me
te
rs
 

in
 

th
e 

Al
eu

ti
an

 
Tr
en
ch
 

an
d 

sl
ig
ht
ly
 

le
ss

 
th

an
 
4%
 
of
 
th
e 

po
pu
la
ti
on
 
at
 
a 

de
pt

h 
of
 
46
50
 

me
te

rs
 
we

st
 
of

 
th
at
 
re
gi
on
 
(S

mi
th

, 
19
73

).
 

In
 

th
e 

Gu
lf

 
of

 
Al

as
ka

 
fr
om
 

th
e 

Ko
di
ak
 

Sh
el

f 
to
 

Ca
pe
 

Fa
ir
we
at
he
r,
 
th
e 

sp
ec

ie
s 

al
so

 
co

ns
ti

tu
te

d 
a 

la
rg
e 

po
rt
io
n 

of
 

th
e 

mi
dd
le
 

to
 

lo
we
r 

ba
th
ya

l 
as

se
mb

la
ge

. 
It

 
co

mp
ri

se
d 

a 
ma
xi
mu
m 

of
 
4 

an
d 

6%
 
of

 
th

e 
po

pu
la

ti
on

 
at
 

22
81

 
an

d 
12

44
 

me
te
rs
 

of
 

wa
te
r,
 

re
sp

ec
ti

ve
ly

 
(B

er
ge

n 
an
d 

O'
Ne
il
, 

19
79
).

Th
e 

ta
xo
n 

ha
s 

al
so

 
be
en
 
re
po
rt
ed
 

fr
om

 
lo

we
r 

la
ti
tu
de
 

wa
te

rs
 

of
 

th
e 

No
rt
h 

Pa
ci

fi
c.

 
Of

f 
Mo

nt
er

ey
 
Ba
y,
 
Ca

li
fo

rn
ia

 
at

 
36
36
.5
' 

N,
 
12

25
3'

 
W,

 
Sa

cc
am

mi
na

 
sp

he
ri

ca
 
wa

s 
co

ll
ec

te
d 

in
 

a 
bo

tt
om

 
sa
mp
le
 

ob
ta

in
ed

 
at

 
a 

de
pt

h 
of

 
29

39
 
me

te
rs

 
by
 
th
e 

U.
S.
 
Co

as
t 

an
d 

Ge
od
et
ic
 

Su
rv
ey
 

sh
ip
 

Di
sc
ov
er
er
 

(C
us

hm
an

, 
19

27
).

 
It

 
wa

s 
al

so
 
re

co
ve

re
d 

ne
ar

 
th
e 

tu
rn

 
of
 
th
e 

ce
nt
ur
y 

fr
om
 
th

e 
mi

dd
le

 
of
 
th

e 
No

rt
h 

Pa
ci

fi
c 

at
 
a 

tr
em
en
do
us
 

de
pt
h 

of
 

37
49
 

me
te

rs
 
(C

us
hm

an
, 

19
10

).
 

Co
ns

id
er

ab
ly

 
la
te
r,
 
Sm

it
h

(1
97
3)
 
ob
ta
in
ed

 
th
e 

sp
ec
ie
s 

in
 
a 

dr
ed

gi
ng

 
of
 

re
ce

nt
 

se
di
­ 

me
nt
s 

no
rt
he
as
t 

of
 

th
e 

Ha
wa
ii
an
 
Is

la
nd

s 
in
 
58
30
 
me
te
rs
 
of
 

wa
te

r 
lo
ca
te
d 

ap
pr
ox
im
at
el
y 

at
 
30

°N
, 

16
0°

w.
 

Th
re

e 
of

 
th

e 
10

 
in

di
vi

du
al

s 
of

 
th
e 

de
pa

up
er

at
e 

as
se

mb
la

ge
 
en

co
un

te
re

d 
he
re
 

we
re

 
Sa
cc
am
mi
ni
a 

sp
he

ri
ca

. 
th
e 

sp
ec

ie
s 

wa
s 

al
so
 

re
co

ve
re

d 
in
 
re

ce
nt

 
de
po
si
ts
 
ob

ta
in

ed
 
mi
dw
ay
 
be

tw
ee

n 
Sa

n 
Fr

an
ci

sc
o 

an
d 

th
e 

Ha
wa

ii
an

 
Is
la
nd
s 

at
 
a 

de
pt

h 
of

 
38
13
 
me
te
rs
 
an

d 
fr

om
 

th
e 

co
ld
er
 

wa
te
rs
 

so
ut
h 

of
 

Ja
pa

n 
be

tw
ee

n 
25

4 
an
d 

28
36

 
me
te
rs
 

wa
te

r 
de
pt
h 

(C
us
hm
an
, 

19
10

).
 

In
 
ad

di
ti

on
, 

it
 
is
 
in

te
re

st
in

g 
to

 
no

te
 
th
at
 
sp
he
ri
ca
l 

be
nt

ho
ni

c 
fo

ra
mi

ni
fe

rs
, 

su
ch

 
as
 
Sa
c­
 

ca
mm
in
a 

, 
ha

ve
 
be

en
 

po
si
ti
ve
ly
 

co
rr
el
at
ed
 

wi
th

 
su

bs
ur

fa
ce

 
de
po
si
t 

fe
ed
er

s 
in
 
th
e 

ab
ys
sa
l 

ce
nt

ra
l 

No
rt

h 
Pa

ci
fi

c 
(B
er
n­
 

st
ei

n 
an

d 
ot

he
rs

, 
19

78
).

Fu
rt
he
r 

so
ut
h,
 
th

is
 
sp
ec
ie
s 

ha
s 

be
en

 
re

po
rt

ed
 

of
f 

th
e 

Co
as

t 
of

 
Me

xi
co

 
as
 
we

ll
. 

It
 
wa
s 

re
co
ve
re
d 

in
 
wa

te
r 

de
pt
hs
 

be
tw
ee
n 

12
07

 
an
d 

18
20
 
me

te
rs

 
in
 
th
is
 
re

gi
on

 
by

 
th
e 

cr
ui
se
s 

of
 
th
e 

Al
ba
tr
os
s 

(C
us

hm
an

, 
19
10
) 

an
d 

at
 
45
7 

me
te

rs
 
ne

ar
 
Gu

a-
 

da
lu
pe
 
I
s
l
a
n
d
B
y
 

th
e 

Al
la

n 
Ha
nc
oc
k 

Pa
ci

fi
c 

Ex
pe

di
ti

on
s 

(C
us

hm
an

 
an
d 

Mc
Cu
ll
oc
h,
 

19
39

).
 

In
 

ad
di
ti
on
, 

Ol
ig
oc
en
e 

re
pr

es
en

ta
ti

ve
s 

of
 
th
e 

ta
xo

n 
ha

ve
 
be

en
 
fo

un
d 

as
so
ci
at
ed
 
wi
th
 

th
e 

Ci
pe
ro
 

Ma
rl

 
Fo
rm
at
io
n 

ou
tc

ro
ps

 
ex

po
se

d 
on
 
Tr
in
id
ad
 

(C
us
hm
an
 
an
d 

St
ai

nf
or

th
, 

19
45

).
Sa

cc
am

mi
na

 
sp

he
ri

ca
 

is
 

a 
co

ns
ti

tu
en

t 
of

 
re

ce
nt

 
b
e
n
t
h
o
n
i
c
f
o
r
a
m
i
n
i
f
e
r
a
l
 
as

se
mb

la
ge

s 
in

 
th
e 

Ar
ct
ic
 
an

d 
No

rt
h 

Pa
ci
fi
c 

Oc
ea
ns
. 

It
s 

di
st

ri
bu

ti
on

 
ha

s 
be

en
 
po
si
ti
ve
ly
 
co
rr
e­
 

la
te
d 

wi
th

 
th
e 

pr
es
en
ce
 

of
 
co
ld
er
 
wa

te
r 

te
mp
er
at
ur
es
 
an

d 
su

bs
ur

fa
ce

 
de

po
si

t 
fe
ed
er
s 

in
 
th
e 

ab
ys
sa
l 

re
gi

on
s 

of
 

th
e 

No
rt
h 

Pa
ci
fi
c 

Oc
ea
n.
 

Ba
th
ym
et
ri
ca
ll
y,
 
th

e 
ta

xo
n 

ap
pe

ar
s 

to
 

be
 
hi
gh
ly
 
va
ri
ab
le

, 
ra

ng
in

g 
fr

om
 
17

 
to
 

17
30

 
me

te
rs

 
wa
te
r 

de
pt

h.
 

Ye
t,
 
in

 
th
e 

No
rt

h 
Pa

ci
fi

c 
ju
st
 
so
ut
h,
 
ea
st
 
an

d 
no
rt
h 

of
 
th
e 

ar
ea

 
be
in
g 

in
ve

st
ig

at
ed

 
in
 

th
is

 
st
ud
y,
 

Sa
cc

am
mi

na
 

sp
he
ri
ca
 

is
 

as
so
ci
at
ed
 

wi
th

 
re

ce
nt

 
de

po
si

ts
 
re
co
ve
re
d 

at
 

gr
ea
t 

de
pt

hs
: 

of
te

n 
be

tw
ee

n 
20
00
 
an
d 

>4
00

0 
me

te
rs

.

Di
st

ri
bu

ti
on

Si
ng

ul
ar

 
sp
ec
im
en
s 

of
 

Sa
cc

am
mi

na
 

sp
he
ri
ca
 

we
re

 
re

co
ve

re
d 

fr
om
 

th
re
e 

mu
d 

in
te
rv
al
s 

in
 
th
e 

up
pe

r 
po
rt
io
n 

of
 

th
e 

co
re
: 

in
 
th
e 

co
re

-t
op

 
fr
om
 
0 

to
 
4 

cm
, 

an
d 

fr
om
 
60

 
to
 
63

 
an
d 

96
.5

 
to
 
10
0 

cm
 
do

wn
co

re
.

Sa
ra
ce
na
ri
a 

sp
. 

Pl
at
e 

5,
 
fi

gu
re

 
9

Sa
ra

ce
na

ri
a 

sp
. 

Th
e 

fo
ur

 
sp
ec
im
en
s 

as
si

gn
ed

 
to
 

th
is

 
ge
nu
s 

ar
e 

al
l 

me
ga

lo
sp
he
ri
c 

fo
rm

s.
 

Th
e 

te
st

s 
ar

e 
ch
ar
ac
te
ri
ze
d 

by
 

a 
lo
w 

nu
mb
er
 
of

 
ch

am
be

rs
, 

us
ua

ll
y 

th
re

e,
 

wi
th
 

th
e 

la
te

r 
ch
am
be
rs
 
un
co
il
in

g.
 

Th
e 

ap
er

tu
ra

l 
fa

ce
 
is

 
gr

ea
tl

y 
br

oa
de

ne
d 

an
d 

ro
ug
hl
y 

tr
ia

ng
ul

ar
, 

wi
th

 
a 

ra
di

at
e 

ap
er
tu
re
 

pr
es
en
t 

at

ro
 

o



o 00

th
e 

pe
ri
ph
er
al
 

ma
rg

in
. 

Ti
me
 
di
d 

no
t 

pe
rm

it
 
id

en
ti

fi
ca

ti
on

 
to

 
th

e 
sp
ec
if
ic
 
le
ve
l.

In
gl

e,
 
19

80
, 

Te
rt
ia
ry
, 

so
. 

CA
. 

co
nt

in
en

ta
l 

bo
rd

er
la

nd
. 

Ba
nd

y 
& 

Ar
na
l 

(?
),

 
19
57
, 

R,
 
W.

 
co
as
t 

of
 
Ce
nt
ra
l 

Am
er

ic
a,

 
Sm

it
h 

(?
),
 
19

64
, 

R,
 
El

 
Sa
lv
ad
or
 

S. 
Ni
ca
ra
gu
a.

Di
st

ri
bu

t 
io
n

Th
re

e 
re

pr
es

en
ta

ti
ve

s 
of
 

th
e 

ge
nu
s 

Sa
ra
ce
na
ri
a,
 

ac
co

un
ti

ng
 
fo
r 

le
ss

 
th
an
 
1%

 
of

 
th

e 
as

se
mb

la
ge

, 
we
re
 
ob

ta
in

ed
 

fr
om
 
th

e 
mu

d 
in

te
rv

al
 
ly
in
g 

be
tw
ee
n 

13
9 

an
d 

14
3 

cm
 
do

wn
co

re
. 

An
 

ad
di
ti
on
al
 

sp
ec
im
en
 

wa
s 

re
co

ve
re

d 
fr

om
 
th
e 

mu
d 

la
ye

r 
lo

ca
te

d 
fr
om

 
34
6.
5 

to
 
34

9.
5 

cm
.

Ba
nd

y,
 
19
61
, 

R,
 
Gu

lf
 
of

 
CA
.,
 
in

te
rt

id
al

-1
00

0-
*-

 
fa

th
om

s.
Th
is
 
sp

ec
ie

s 
wa
s 

fo
un

d 
to
 
be
 
a 

no
n-
do
mi
na
nt
 

me
mb

er
 

of
 

th
e 

ou
te

r 
sh

el
f 

bi
of
ac
ie
s 

be
tw

ee
n 

th
e 

de
pt
hs
 
of

 
37

 
an
d 

73
 
me
te
rs
, 

wi
th
 
wa

te
r 

te
mp
er
at
ur
es
 
ra

ng
in

g 
fr
om
 
12
.5
 
to

 
18

. 
(f

c.
Na

tl
an

d,
 
19

50
, 

Pl
io
-P
le
is
, 

Gu
lf

 
of
 
CA
.,
 
ou

tc
ro

ps
.

"R
ar

e 
in
 
Pl

io
ce

ne
 
be

ds
 
of

 
th

is
 
re
po
rt
."
 

Of
f 

so
ut

he
rn

 
Ca
li
fo
rn
ia

, 
th
e 

sp
ec

ie
s 

wa
s 

fo
un

d 
in

 
re

ce
nt

 
de

po
si

ts
 

be
tw
ee
n 

th
e 

de
pt
hs
 
of

 
20
 
an
d 

11
00
 

me
te

rs
. 

Si
gm

oi
1i

na
 

te
nu
is
 
wa
s 

al
so
 
ob
ta
in
ed
 
in

 
re

ce
nt

 
se
di
me
nt
s 

at
 
a 

de
pt

h 
of

 
38
 
to
 
21

00
 
me
te
rs
 
of
f 

Ce
nt

ra
l 

Am
er
ic
a.

Ma
to

ba
 

£. 
Ya

ma
gu

ch
i,

 
19

82
, 

Pl
io

-H
ol

oc
en

e,
 
Gu

lf
 
of

 
CA

.
In
gl
e,
 
Ke
ll
er
 
& 

Ko
lp
ac
k,
 
19

80
, 

R,
 
Pe

ru
-C

hi
le

 
Tr

en
ch

.
Cu

sh
ma

n,
 
19
29
b,
 
La

te
 
Te

rt
ia

ry
, 

Ve
ne
zu
el
a 

& 
Ec
ua
do
r.

Ph
le

ge
r,

 
Pa

rk
er

 
an

d 
Pe

ir
so

n,
 
19
53
, 

R,
 
eq

.-
N.

 
At
la
nt
ic
.

Ph
le
ge
r 

& 
Pa

rk
er

, 
19

51
, 

R,
 
NW

 
Gu

lf
 
of

 
Me
x.
 

& 
At

la
nt

ic
.

Bo
ck
, 

19
76
 

S. 
19
82
, 

R,
 
sh

al
lo

w,
 
Gu
lf
 
of

 
Me

xi
co

.
Cu
sh
ma
n 

& 
St
ai
nf
or
th
, 

19
45

, 
Ol
ig
oc
en
e,
 
Tr

in
id

ad
.

Cu
sh
ma
n 

s. 
To
dd
, 

19
45
, 

Mi
o,
 
Bu

ff
 
Ba
y,
 
Ja

ma
ic

a.
Cu
sh
ma
n,
 
19
46
, 

Te
rt

ia
ry

-R
, 

Si
qm

oi
li

na
.

Mc
Cu
ll
oc
h,
 
19
77
, 

mo
re
 
Al
la
n 

Ha
nc

oc
k 

Ex
pe

d.
 
fo

ra
ms

.

Si
qm
oi
li
na
 
cf

. 
S.

 
te

nu
is

 
(C

zj
ze

k)
 

Pl
at
e 

4~
, 

fi
gu

re
 
6

Q
u
i
n
q
u
e
l
o
c
u
l
i
n
a
 
te
nu
is
 
Cz

jz
ek

; 
Cz
jz
ek
 
18
48
, 

p.
 
14

9,
 
pi

. 
13

,
fi
gs
. 

31
-3

4.
Si

qm
oi

li
na

 
te

nu
is

 
(C

zj
ze

k)
; 

Cu
sh

ma
n 

an
d 

St
ai

nf
or

th
, 

19
45
,

p.
 

21
, 

pi
. 

2,
 

fi
g.

 
21
; 

Cu
sh

ma
n,

 
19

46
, 

p.
 
32
-3
3,
 
pi

. 
5,

fi
gs
. 

13
-1

5;
 

Ma
to
ba
 
an
d 

Ya
ma

gu
ch

i,
 
19

82
, 

p.
 

10
48

, 
pi

. 
1,

fi
g.
 
1.

"S
ig

mo
il

in
a"

 
te

nu
is

 
(C
zj
ze
k)
; 

Ba
rk

er
, 

19
60
, 

p.
 
20

, 
pi

. 
10

,
fi

gs
. 

7,
 
8,
 
11
; 

Ha
ll
er
, 

19
80
, 

p.
 
23

2,
 
pi
. 

2,
 
fi
g.
 
9.

Di
st

ri
bu

ti
on

Tw
o 

re
pr

es
en

ta
ti

ve
s 

of
 
th
e 

ta
xo
n,
 
ac
co
un
ti
ng
 

fo
r 

le
ss
 

th
an

 
1%
 
of
 
th
e 

as
se

mb
la

ge
, 

we
re
 
ob

ta
in

ed
 
fr

om
 
th
e 

mu
d 

in
te

r­
 

va
l 

ly
in
g 

fr
om

 
27
0 

to
 
27

2 
cm
 
do
wn
co
re
. 

Si
ng

ul
ar

 
sp

ec
im

en
s 

of
 

Si
qm

oi
li

na
 

cf
. 

S.
 

te
nu
is
 
we

re
 
al

so
 
re

co
ve

re
d 

fr
om
 
th

e 
su

cc
es

si
ve

 
mu

d 
an

d 
sa

nd
 
sa

mp
le

s 
lo

ca
te

d 
be
tw
ee
n 

33
0 

an
d 

33
8 

cm
.

Si
qm

oi
li

na
 
sp

. 
Pl

at
e 

4
,
F
i
g
u
r
e
 
5

Gr
ee
n,
 
19

60
, 

R,
 
ce
nt
ra
l 

Ar
ct

ic
 
Ba

si
n.

Cu
sh
ma
n,
 
19

27
a,

 
R,
 
W.
 
co

as
t,

 
Or

eg
on

 
to
 
Ce
nt
ra
l 

Am
er

.
Re
si
g,
 
19
58
, 

R,
 
Sa

nt
a 

Cr
uz
 
Ba

si
n,

 
CA
.

Na
tl
an
d,
 
19
33

, 
R 

an
d 

Pi
co

 
Fm

.,
 
Sa

n 
Pe
dr
o 

S. 
Ve
nt
ur
e,
 
CA

.
Mc

Gl
as

so
n,

 
19
59
, 

R,
 
li
vi
ng
 
& 

de
ad

, 
S.
 
Ca
ta
li
na
 
Is

.,
 
CA
.

Ba
nd

y 
S. 

Ch
ie
ri
ci
, 

19
66

, 
R,
 
Ca

li
fo

rn
ia

 
S. 
Me
di
te
rr
an
ea
n.

Ba
gg

, 
19

12
, 

Pl
io
-P
le
is
 
(?

),
 
so

. 
CA
.,
 
Ti
mm
s 

Po
in
t*
.

In
gl

e,
 
19
80
, 

Te
rt
ia
ry
, 

so
. 

CA
. 

co
nt

in
en

ta
l 

bo
rd
er
la
nd
.

Bu
tc

he
r,

 
19
51

, 
R,

 
Co

ro
na

do
 
Ba

nk
, 

Sa
n 

Di
eg

o,
 
CA
.

Th
is

 
sp
ec
ie
s 

wa
s 

fo
un
d 

oc
cu

rr
in

g 
in

 
lo
w 

re
la
ti
ve
 

fr
e­
 

qu
en
cy
 

be
tw
ee
n 

th
e 

de
pt
hs
 

of
 

10
0 

an
d 

10
25
 
me
te
rs
. 

Bu
tc

he
r 

no
te
d 

th
at
 
th

e 
ta

xo
n 

ma
y 

oc
cu
r 

in
 
gr

ea
te

r 
ab

un
­ 

da
nc

e 
be
lo
w 

10
00
 
me
te
rs
.

Uc
hi

o,
 
19

60
, 

R,
 
li
vi
ng
 

S. 
de

ad
, 

Sa
n 

Di
eg

o,
 
CA

.

Si
qm

oi
li

na
 
sp

. 
Sp

ec
im

en
s 

as
si

gn
ed

 
to
 
th

is
 
ge

nu
s 

ar
e 

ch
ar

ac
­ 

te
ri
ze
d 

by
 
an

 
im

pe
rf

or
at

e 
te
st
 
an
d 

a 
te

rm
in

al
, 

ro
un

de
d 

ap
er
­ 

tu
re
. 

Po
ur

.c
ha

mb
er
s 

ar
e 

ex
po
se
d 

'o
n 

on
e 

si
de

, 
fi

ve
 

on
 

th
e 

ot
he

r.
 

Ch
am
be
rs
 
ar

e 
ad

de
d 

in
 
su

ch
 
a 

wa
y 

as
 
to
 
fo
rm
 
a 

so
me

­ 
wh
at
 
si
gm
oi
d 

ap
pe

ar
an

ce
 
in

 
ap
er
tu
ra
l 

vi
ew
. 

Ti
me

 
di
d 

no
t 

pe
rm

it
 
id

en
ti

fi
ca

ti
on

 
to
 
th

e 
sp
ec
if
ic
 
le
ve
l.

Bl
an
c-
Ve
rn
et
, 

19
69

, 
R,
 
Me
di
te
rr
an
ea
n.
 

Bo
lt

ov
sk

oy
 

S. 
Wr

ig
ht

, 
19

76
, 

Re
ce

nt
 
Fo

ra
mi

ni
f 
er
a.



Di
 s
tr
 i
bu

t 
io

n
St

ai
nf

or
th

ia
 
co

mp
la

nt
a 

(E
gg
er
);
 

In
gl
e,
 
Ke
ll
er
, 

an
d 

Ko
lp

ac
k 

19
80
, 

pi
 

14
 4
 , 

pi
. 

5,
 
fi
gs
. 

10
-1
1;
 

Ma
to
ba
 
an

d 
Ya
ma
gu
ch
i 

19
82
, 

p.
 
10

49
.

Tw
o 

sp
ec

im
en

s 
of

 
Si
gm
pi
li
na
 
sp

.,
 
co
mp
ri
si
ng
 

le
ss
 

th
an

 
1%
 

of
 

th
e 

fa
un

al
 
as

se
mb

la
ge

, 
we

re
 
re

co
ve

re
d 

fr
om

 
th
e 

sa
nd

 
in
te
rv
al
 
lo

ca
te

d 
be
tw
ee
n 

13
3.

5 
an

d 
13
6.
5 

cm
 
do
wn
co
re
.

Si
ph
ot
ex
tu
la
ri
a 

ca
te
na
ta
 
(C

us
hm

an
)

Te
xt

ul
ar

 i
a 

ca
te
na
ta
 
Cu
sh
ma
n;
 

Cu
sh
ma
n,
 
19
11
, 

p.
 

23
, 

fi
'g

's
.

39
-4

0.
Si

ph
ot

ex
tu

la
ri
a 

ca
te

na
ta

 
(C
us
hm
an
);
 

Mc
Do

ug
al

l,
 

19
85

, 
p.

38
5,

 
39
8.

Cu
sh
ma
n,
 
19
11
, 

R,
 
Pa

ci
fi

c 
Oc

ea
n,

 
Te

xt
ul

ar
id

s.
 

Mu
rr

ay
, 

19
73
, 

R,
 
ge

ne
ra

l 
ec

ol
og

y 
t 

di
st

ri
bu

ti
on

,

Di
st

ri
bu

ti
on

R
e
p
r
e
s
e
n
t
a
t
i
v
e
s
 

of
 

Si
ph
ot
ex
tu
la
ri
a 

ca
te
na
ta
 

we
re

ip
h 

5T
7

re
co

ve
re

d 
fr
om
 
20

 
to
 
23

.5
, 

16
7.
5 

to
 
17
0,
 
an
d 

23
0 

to
 
44
7.
5 

cm
 

do
wn

co
re

. 
Al

th
ou

gh
 
ac
qu
ir
ed
 
fr

om
 
sa
nd
 
an
d 

sa
nd
y 

mu
d 

in
te

r­
 

va
ls
 

as
 

we
ll

 
as

 
th
e 

mu
d 

la
ye

rs
, 

th
e 

ta
xo

n 
is

 
mo
st
 
ab
un
da
nt
 

in
 
th
e 

fi
ne
r-
gr
ai
ne
d 

de
po

si
ts

. 
In

 
th
e 

mu
ds

, 
Si
ph
ot
ex
tu
la
ri
a 

ca
te
na
ta
 

co
mp
ri
se
s 

be
tw
ee
n 

le
ss

 
th

an
 

1 
an
d 

1.
3%

 
of
 
th
e 

f
a
u
n
a
.
I
n
 
co

nt
ra

st
, 

on
ly
 
si

ng
ul

ar
 
sp

ec
im

en
s 

of
 

th
e 

ta
xo
n 

we
re

 
ob
ta
in
ed
 
fr
om
 
th

e 
sa
nd
 
an

d 
sa
nd
y 

mu
d 

in
te
rv
al
s.

La
go

e,
 
19
77
, 

R,
 
ce
nt
ra
l 

Ar
ct

ic
 
Oc

ea
n.

Be
rg
en
 
t 
O'
Ne
il
, 

19
79
, 

R,
 
Gu
lf
 
of
 
Al

as
ka

.
Za

le
sn

y,
 
19

59
, 

R,
 
li

vi
ng

 
t 

de
ad

, 
Sa

nt
a 

Mo
ni
ca
 
Ba
y,
 
CA

.
Ba

nd
y 

£> 
Ch
ie
ri
ci
, 

19
66
, 

R,
 
Ca
li
fo
rn
ia
 
& 
Me

di
te

rr
an

ea
n.

Uc
hi

o,
 
19
60
, 

R,
 
li
vi
ng
 

£, 
de

ad
, 

Sa
n 

Di
eg

o,
 
CA

.
Br

en
ne

r,
 
19
62
, 

R,
 
sh
al
lo
w,
 
Gu

lf
 
of
 
Ca
li
fo
rn
ia
.

Ma
to
ba
 
t 

Ya
ma

gu
ch

i,
 
19
82
, 

Pl
io

-H
ol

oc
en

e,
 
Gu

lf
 
of

 
CA

.
Sm

it
h,

 
19
64
, 

R,
 
El
 
Sa
lv
ad
or
 
t 
Ni

ca
ra

gu
a.

Ba
nd
y 

t 
Ro

do
lf

o,
 
19

64
, 

R,
 
so

. 
Ec
ua
do
r 

to
 
ce
nt
ra
l 

Ch
il
e,

In
gl
e,
 
Ke
ll
er
 
& 

Ko
lp
ac
k,
 
19

80
, 

R,
 
Pe
ru
-C
hi
le
 
Tr

en
ch

.
Re

si
g,

 
19
76
, 

Eo
ce
ne
-R
, 

DS
DP

, 
Na

zc
a 

Pl
at

e,
 
Pe

ru
.

Ph
le

ge
r,

 
Pa
rk
er
 
an
d 

Pe
ir
so
n,
 
19
53
, 

R,
 
eq

.-
N.

 
At
la
nt
ic
.

Ph
le

ge
r,

 
19

51
b,

 
R,
 
No

rt
hw

es
t 

Gu
lf

 
of

 
Me

xi
co

.
Ph
le
ge
r 

t 
Pa
rk
er
, 

19
51
, 

R,
 
NW
 
Gu

lf
 
of

 
Me
x.
 

t 
At
la
nt
ic
.

Bo
ck
, 

19
76

 
fc 

19
82

, 
R,
 
sh

al
lo

w,
 
Gu

lf
 
of

 
Me

xi
co

.
Cu

sh
ma

n 
fc 

To
dd

, 
19
45
, 

Mi
o,

 
Bu
ff
 
Ba
y,
 
Ja
ma
ic
a.

Do
ug
la
s 

t 
Wo

od
ru

ff
, 

19
81
, 

de
ep

-s
ea

 
be

nt
ho

ni
c 

fo
ra

ms
.

Cu
sh
ma
n,
 
19

42
, 

R,
 
tr

op
ic

al
 
Pa

ci
fi

c,
 
He
te
ro
.-
Bu
li
mi
n.

Di
st

ri
bu

ti
on

Si
x 

sa
mp
le
s,

 
in
cl
ud
in
g 

bo
th

 
mu
d 

an
d 

sa
nd
 
la
ye
rs
 
be
tw
ee
n 

th
e 

de
pt
hs
 

of
 
17

1 
an
d 

41
4.
5 

cm
 
do
wn
co
re
, 

co
nt
ai
n 

lo
w 

ab
un

­ 
da
nc
es
 
of

 
St
ai
nf
or

th
ia

 
co

mp
la

nt
a.

 
Wi

th
 

th
e 

ex
ce
pt
io
n 

of
 

th
re
e 

s
p
e
c
i
m
e
n
s
w
h
i
c
h
 
we

re
 
re
co
ve
re
d 

fr
om
 
th
e 

mu
d 

in
te

rv
al

 
fr
om
 
41
0 

to
 
41

2.
5 

cm
, 

on
ly

 
si

ng
ul

ar
 
re

pr
es

en
ta

ti
ve

s 
of

 
th
e 

ta
xo

n 
we
re
 

pr
es

en
t 

in
 
ea
ch
 
of

 
th
e 

sa
mp
le
s.
 

In
 
al
l 

ca
se
s,
 

St
ai
nf
or
th
ia
 
co
mp
la
na
ta
 
co
mp
ri
se
s 

le
ss

 
th
an
 
1%
 
of
 
th

e 
fa
un
al
 

as
se

mb
la

ge
.

St
ai

nf
or

th
ia

 
co

mp
la

nt
a 

(E
gg

er
) 

Pl
at
e 

15
, 

fi
gu

re
 

1

Vi
 r
gu
li
na
 

sc
hr

ei
be

rs
ia

na
 

Cz
jz
ek
 

va
r.
 

co
mp
la
nt
a 

Eg
ge

r;
Eg

ge
r,

 
18
95
, 

p.
 
29
2,
 
pi

. 
8,
 
fi
gs
. 

91
-9

2.
Vi
rq
ul
in
a 

co
mp

la
nt

a 
Eg

ge
r;

 
Ph

le
ge

r 
an

d 
Pa

rk
er

, 
19
51
, 

p.
 
19
,

pi
. 

3~
, 

fi
gs
. 

1-
3;
 

Uc
hi

o,
 

19
60
, 

pi
. 

6,
 
fi

g.
 
13
; 

Sm
it

h,
19

64
, 

p.
 
B3

3,
 
pi
. 

2,
 
fi

g.
 
11

.
Ca

ss
id

el
la

 
co

mp
la

na
ta

; 
Ba
nd
y 

an
d 

Ro
do

lf
o,

 
19

64
, 

p.
 

82
9,

fi
g.

 
5C

.
Fu

rs
en

ko
in

a 
co
mp
la
na
ta
 
(E

gg
er

);
 

In
gl

e,
 
19

73
, 

p.
 

54
2,

 
54
5,

55
3.

St
ai

nf
or
th
ia
 
no

do
sa

 
(S
te
wa
rt
 
an
d 

St
ew
ar
t)
 

Pl
at

e 
15
, 

fi
gu

re
 
2

Vi
rq

ul
in

a 
no

do
sa

 
St

ew
ar

t 
an
d 

St
ew

ar
t;

 
St

ew
ar

t 
an

d 
St

ew
ar

t,
 

19
30

, 
p7
 T

4T
J 

pi
. 

8,
 
fi
g.
 
4;
 

Wh
it

e,
 
19
56
, 

p.
 
25

4,
 
pi

. 
30
, 

fi
g.

 
11
? 

Sm
it

h,
 
19

64
, 

p.
 
B3
3.

St
ai

nf
or

th
ia

 
no
do
sa
 
(R
.E
. 

an
d 

K.
C.
 
St
ew
ar
t)
; 

In
gl

e,
 

19
76
, 

p.
 
53
6,
 
55
6.

O
 

CD



PO  A o

Gr
ee

n,
 
19

60
, 

R,
 
ce

nt
ra

l 
Ar
ct
ic
 
Ba
si
n.

Re
si

g,
 
19

58
, 

R,
 
Sa
nt
a 

Cr
uz
 
Ba
si
n,
 
CA

.
Cr
ou
ch
, 

19
52
, 

R,
 
11
 
de

ep
 
ba
si
ns
 
of

f 
so
ut
he
rn
 
CA

.
Ma
rt
in
, 

19
52

, 
Pl

io
, 

Lo
s 

An
ge

le
s 

Ba
si
n,
 
CA

.
Th

is
 
sp
ec
ie
s 

wa
s 

fo
un
d 

pr
es

en
t 

in
 
th
e 

Re
pe
tt
o 

an
d 

Pi
co
 

Fo
rm
at
 i
on

s.
Wh

it
e,

 
19

56
, 

Mi
o-

Pl
io

, 
Ca
pi
st
ra
no
 
Fm
.,
 
Or
an
ge
 
Co
.,
 
CA
.

Th
is

 
sp
ec
ie
s 

wa
s 

re
po

rt
ed

 
to
 
oc
cu
r 

ra
re

ly
 

in
 

Pl
io

ce
ne

 
de

po
si

ts
 
of

 
th
e 

Up
pe
r 

Ca
pi

st
ra

no
 
Fo
rm
at
io
n.

Ba
nd

y,
 
19

61
, 

R,
 
Gu

lf
 
of

 
CA
.,
 
in

te
rt

id
al

-1
00

0-
* 

fa
th

om
s.

Th
is
 
sp

ec
ie

s 
wa

s 
fo
un
d 

to
 
be
 
a 

no
n-
do
mi
na
nt
 

me
mb
er
 -
of

 
th
e 

up
pe
r 

mi
dd

le
 
ba

th
ya

l 
bi
of
ac
ie
s 

be
tw
ee
n 

th
e 

de
pt
hs
 

of
 
61
0 

an
d 

91
4 

me
te

rs
, 

wi
th

 
wa

te
r 

te
mp
er
at
ur
es
 

ra
ng
in
g 

fr
om

 
3.
5 

to
 
4.
5°
C.

Ba
nd
y 

& 
Ar
na
l,
 
19

57
, 

R,
 
W.

 
co

as
t 

of
 
Ce
nt
ra
l 

Am
er

ic
a.

Di
 s
tr

 i
bu
t 
io

n

Di
st
ri
bu
t 
io

n

On
e 

fr
ag
me
nt
ed
 
sp

ec
im

en
 
of
 
St

il
os

to
me

ll
a 

cf
. 

S.
 

le
pi
-

du
la

 
wa

s 
re

co
ve
re
d 

fr
om

 
th
e 

sa
nd

 
in

te
rv

al
 
lo

ca
te

d 
Tr
om
 
13

3.
5

to
 
13
6.
5 

cm
 
do
wn
co
re
.

St
il

os
to

me
ll

a 
sp

. 
Pl

at
e 

7,
 
fi

gu
re

 
2

St
il

os
to

me
ll

a 
sp

. 
Th
e 

si
ng
le
 
fr

ag
me

nt
ed

 
sp

ec
im

en
 
is
 
ch
ar
ac
- 

t
e
r
i
z
e
d
b
y
 

tw
o 

sl
ig

ht
ly

 
em

br
ac

in
g,

 
un
is
er
ia
l 

ch
am

be
rs

 
se

pa
ra

te
d 

by
 
a 

de
pr
es
se
d 

su
tu

re
 
at

 
ri

gh
t 

an
gl
es
 
to

 
th

e 
ax

is
 

of
 

th
e 

te
st
. 

Th
e 

ap
er
tu
re
 
is
 
te
rm
in
al
 
an
d 

ro
un

d 
an

d 
th
e 

te
st
 
wa

ll
 
fi
ne
ly
 
pe

rf
or

at
e.

 
Th
e 

lo
we

r 
ha
lf
 
of
 
ea

ch
 

ch
am
be
r 

is
 

ad
or

ne
d 

wi
th
 
ei
gh
t 

co
st

ae
 
of

 
lo
w 

re
li
ef
, 

wh
ic

h 
fa

ll
 
in
 
a 

di
re

ct
 
li

ne
 
wi

th
 
th
os
e 

of
 
th

e 
pr
oc
ee
di
ng
 
ch

am
be

r.

Lo
w 

ab
un

da
nc

es
 
of

 
St
ai
nf
or
th
ia
 

np
do
sa
 

we
re

 
ob
ta
in
ed
 

fr
om
 
mu
d,
 
sa
nd
 
an

d 
sa

nd
y 

mu
d 

in
te
rv
al
s 

be
tw
ee
n 

th
e 

de
pt
hs
 
of
 

23
0 

an
d 

46
9.
5 

cm
 
do

wn
co

re
. 

Th
e 

ta
xo
n 

co
mp

ri
se

s 
le
ss
 
th

an
 
1%
 

of
 

th
e 

as
se

mb
la

ge
 

in
 

si
x 

of
 
th
e 

se
ve

n 
sa
mp
le
s 

th
ey
 
we

re
 

re
co

ve
re

d 
fr

om
, 

wh
il

e 
pe
ak
in
g 

at
 
1.

2%
 
in
 
th
e 

mu
d 

sa
mp

le
 
fr
om
 

43
0 

to
 
43

2.
5 

cm
.

In
gl
e,
 
19

80
, 

Te
rt
ia
ry
, 

so
. 

CA
. 

co
nt

in
en

ta
l 

bo
rd

er
la

nd
, 

Do
ug

la
s 

& 
Wo

od
ru

ff
, 

19
81

, 
de

ep
-s

ea
 
be
nt
ho
ni
c 

fo
ra

ms
.

Di
st

ri
bu

ti
on

St
il
os
to
me
ll
a 

cf
. 

S.
 
le

pi
du

la
 
(S

ch
wa

ge
r)

 
 
 
 
 
 
 

7,
 
fi

gu
re

 
3

On
e 

fr
ag

me
nt

ed
 

sp
ec

im
en

 
of

 
St
il
os
to
me
ll
a 

sp
. 

wa
s 

re
co
ve
re
d 

fr
om
 
th
e 

sa
nd

 
in
te
rv
al
 
lo
ca
te
d 

fr
om

 
13

3.
5 

to
 
13
6.
5 

cm
 
do

wn
co

re
.

No
do

sa
ri

a 
le

pi
du

la
 
Sc

hw
ag

er
; 

Sc
hw

ag
er

, 
18

66
, 

p.
 
21
0,
 
pi
. 

5,
fi
gs
. 

2
7
-
2
S
T

No
do

ge
ne

ri
na

 
le
pi
du
la
 

(S
ch

wa
ge

r)
; 

Cu
sh

ma
n,

 
St
ew
ar
t,
 

an
d

S
t
e
w
a
r
t
,
1
9
3
0
,
 
p.

 
63

-6
4,

 
pi

. 
4,
 
fi
g.
 
5.

Si
ph

on
od

os
ar

ia
 
le

pi
du

la
 
(S

ch
wa

ge
r)

; 
Wa

lt
on

, 
19
52
, 

p.
 

13
9,

pi
. 

25
, 

fi
g.
 
12

.
St
il
os
to
me
ll
a 

le
pi
du
la
 
(S

ch
wa

ge
r)

; 
In
gl
e,
 

19
73

, 
p.
 

53
6;

Ha
ll
er
, 

19
80

, 
p.

 
25
2,
 
-p

i.
 
8,

 
fi
g.
 
7.

Su
gg

ru
nd

a 
ec

ki
si

 
Na

tl
an

d 
Pl

at
e 

16
~i

 
fi

gu
re

 
8

Su
qq
ru
nd
a 

ec
ki
si
 
Na
tl
an
d;
 

Na
tl

an
d,

 
19
50
, 

p.
 
23

, 
pi
. 

9,
 
fi

g.
 

12
; 

Sm
it

h,
 
19

63
a,

 
p.

 
A2

4-
A2

5,
 
pi

. 
31

, 
fi
gs
. 

13
-1
4;
 

Ma
to
ba
 

an
d 

Ya
ma

gu
ch

i,
 
19
82
, 

p.
 
10

49
, 

pi
. 

3,
 
fi

g.
 
10
. 

Su
gg

ru
nd

a 
(?

) 
ec
ki
si
 
Na

tl
an

d;
 

Uc
hi

o,
 
19

60
, 

pi
. 

7,
 
fi

gs
. 

5-
 

6.
 

 
 
 
 

In
gl

e,
 
19

73
, 

N,
 
DS

DP
 
Si

te
 
17

2,
 
be

tw
ee
n 

CA
. 

& 
Ha
wa
ii
. 

Na
tl

an
d 

(?
),
 
19

33
, 

R 
an

d 
Pi
co
 
Fm

.,
 
Sa
n 

Pe
dr
o 

C. 
Ve
nt
ur
a 

Wh
it

e,
 
19

56
, 

Mi
o-

Pl
io

, 
Ca
pi
st
ra
no
 
Fm
.,
 
Or
an
ge
 
Co
.,
 
CA
. 

In
gl
e,
 
19

80
, 

Te
rt

ia
ry

, 
so
. 

CA
. 

co
nt
in
en
ta
l 

bo
rd
er
la
nd
. 

Na
tl
an
d,
 
19

50
, 

Pl
io

-P
le

is
, 

Gu
lf
 
of

 
CA
.,
 
ou

tc
ro

ps
.

CA
.

Be
rg
en
 
& 

O'
Ne
il

, 
19
79
, 

R,
 
Gu

lf
 
of

 
Al
as
ka
, 

Ha
rm

an
, 

19
64
, 

R,
 
Sa
nt
a 

Ba
rb

ar
a 

Ba
si
n,
 
CA
,



Cr
ou
ch
, 

19
52

, 
R,
 
11

 
de

ep
 
ba
si
ns
 
of

f 
so
ut
he
rn
 
CA
.

Ma
rk

s 
an
d 

ot
he

rs
, 

19
80
, 

R,
 
Sa

nt
a 

Ba
rb
ar
a 

Ch
an
ne
l,
 
CA

.
Za

le
sn

y,
 
19
59

, 
R,
 
li

vi
ng

 
f, 

de
ad
, 

Sa
nt

a 
Mo
ni
ca
 
Ba

y,
 
CA
.

Do
ug

la
s 

£. 
He

it
ma

n,
 
19

79
, 

R,
 
so

. 
Ca

li
fo

rn
ia

 
bo

rd
er

la
nd

.
In

gl
e,

 
19

80
, 

Te
rt

ia
ry

, 
so

. 
CA

. 
co

nt
in

en
ta

l 
bo

rd
er

la
nd

.
Uc

hi
o,

 
19

60
, 

R,
 
li

vi
ng

 
t 

de
ad

, 
Sa
n 

Di
eg

o,
 
CA

.
Ba

nd
y,

 
19
61
, 

R,
 
Gu

lf
 
of

 
CA
.,
 
in

te
rt

 i
da
l-
10
00
+ 

fa
th
om
s.

Th
is
 
sp
ec
ie
s 

wa
s 

fo
un

d 
to
 
be

 
a 

do
mi
na
nt
 
me
mb
er
 

of
 

th
e 

up
pe
r 

ba
th
ya
l 

bi
of

ac
ie

s 
be
tw
ee
n 

th
e 

de
pt
hs
 
of
 
36
6 

an
d 

61
00

 m
et

er
s,

 
wi
th
 
wa
te
r 

te
mp

er
at

ur
es

 
ra
ng
in
g 

fr
om

 
4.

5-
to

 
6.

0C
.

Na
tl

an
d,

 
19
50
, 

Pl
io

-P
le

is
, 

Gu
lf

 
of

 
CA
.,
 
ou
tc
ro
ps
.

Th
is

 
sp
ec
ie
s 

wa
s 

re
co
ve
re
d 

of
f 

so
ut
he
rn
 

Ca
li

fo
rn

ia
 

in
 

re
ce
nt
 

de
po

si
ts

 
be

tw
ee

n 
th
e 

de
pt
hs
 

of
 

26
0 

an
d 

60
,0

 
me
te
rs
. 

In
 
re

ce
nt

 
se
di
me
nt
s 

of
f 

th
e 

we
st

 
co

as
t 

of
 
Ce
n­
 

tr
al

 
Am
er
ic
a,
 
Su
gq
ru
nd
a 

ec
ki

si
 
wa

s 
ob
ta
in
ed
 
be
tw
ee
n 

81
 

an
d 

17
60
 
me
te
rs
.

Ma
to

ba
 

£. 
Ya
ma
gu
ch
i,
 
19

82
, 

Pl
io

-H
ol

oc
en

e,
 
Gu

lf
 
of

 
CA

.
Sm

it
h,

 
19
63
a,
 
R,

 
Bo
li
vi
ni
da
e,
 
El

 
Sa
lv
ad
or
 
t 
Ni
ca
ra
gu
a.

Sm
it

h,
 
19
64
, 

R,
 
El

 
Sa
lv
ad
or
 
t 
Ni
ca
ra
gu
a.

Di
st

r 
ib
ut
 i
on

Wi
th

 
th

e 
ex

ce
pt

io
n 

of
 
tw

o 
sp

ec
im

en
s 

re
co
ve
re
d 

fr
om

 
th

e 
mu
d 

in
te

rv
al

 
lo

ca
te

d 
fr

om
 
27
0 

to
 
27
2 

cm
 
do
wn
co
re
, 

Su
qq

ru
nd

a 
ec
ki
si
 
is

 
a
s
s
o
c
i
a
t
e
d
 
ex

cl
us

iv
el

y 
wi
th
 

sa
nd

 
an

d 
s
a
n
d
y
m
u
d
 

de
po
si
ts
 

be
tw
ee
n 

th
e 

de
pt
hs
 

of
 

13
3.
5 

an
d 

23
2 

cm
 
in

 
th
is
 

co
re

. 
Th
e 

ta
xo

n 
ac

co
un

ts
 
fo

r 
le

ss
 
th

an
 
1%

 
of
 
th
e 

as
se

mb
la

ge
 

in
 

th
e 

sa
mp
le
s,
 
ex
ce
pt
 
fo

r 
th

e 
sa

nd
 
in

te
rv

al
 
fr

om
 
13

3.
5 

to
 

13
6.

5 
cm

 
wh
er
e 

it
 
pe

ak
s 

at
 
3.
2%
.

Tr
if

ar
in

a 
an

qu
lo

sa
 
(W
il
li
am
so
n)
 

 
 
 
 
pl
at
e 

17
, 

fi
gu

re
 
7

U
v
i
q
e
r
i
n
a
 
an
gu
lo
sa
 
Wi

ll
ia

ms
on

; 
Wi

ll
ia

ms
on

, 
18
58
, 

p.
 
67

, 
pi
. 

5,
 
fi

g.
 

1
4
T
;
H
a
n
n
a
 
an
d 

Ch
ur

ch
, 

19
27

, 
p.

 
20
2.
 

A
n
q
u
l
o
q
e
r
i
n
a
 
an
qu
lo
sa
 
(W

il
li

am
so

n)
; 

Cu
sh
ma
n,
 

St
ew
ar
t 

an
d 

S
t
e
w
a
r
t
,
1
5
3
0
,
 

p.
 

71
, 

pi
. 

5,
 
fi

g.
 
14
; 

Cu
sh
ma
n,
 
19

48
, 

ke
y 

pi
. 

28
, 

fi
gs

. 
13
, 

14
; 

Cu
sh

ma
n 

an
d 

Mc
Cu

ll
oc

h,
 

19
48

a,
 

p.
 

27
9-
28
0,
 

pi
. 

35
, 

fi
g.

 
6;
 

Ma
rk

s,
 
19
51
, 

p.
 
63

, 
pi

. 
7,
 
fi

g.
 

16
; 

Ba
nd
y,
 
19

53
a,

 
p.

 
17

6,
 

pi
. 

25
, 

fi
g.

 
13
; 

Bo
lt

ov
sk

oy
, 

19
59
, 

p.
 
47
5,
 
pi

. 
2;
 
Ba

rk
er

, 
19
60
, 

p.
 
15

4,
 
pi
. 

74
, 

fi
gs

. 
15
, 

16
; 

Uc
hi
o,
 
I9

60
, 

pi
. 

7,
 
fi

g.
 
18
; 

Bo
lt

ov
os

ko
y 

an
d 

ot
he
rs
, 

19
80

, 
p.

 
16

, 
pi

. 
1,
 
fi

gs
. 

13
-1

6;
 

Ha
ll
er
, 

19
80

, 
p.
 
25
3,
 
pi

. 
7,
 
fi
g.
 
10

; 
To

dd
 
an
d 

Lo
w,
 
19
81
, 

p.
 
32

, 
43
, 

fi
g.

 
93

; 
Ma

to
ba

 
an
d 

Ya
ma
gu
ch
i,
 
19

82
, 

p.
 
10

36
.

Tr
 i 
fa
r 
in
a 

an
qu

lo
sa

 
(W

il
li

am
so

n)
; 

La
nk

fo
rd

 
an

d 
Ph

le
ge

r 
(i

n 
pa
rt
),
 

19
71
7 

pT
~ 

12
9,

 
pi
. 

3,
 
fi

g.
 
29

; 
In
gl
e,
 
Ke

ll
er

, 
an
d 

Ko
lp

ac
k,

 
19

80
, 

p.
 
14

4,
 
pi
. 

3,
 
fi

gs
. 

1,
 

4;
 

In
gl
e,
 
19

73
, 

pp
. 

54
2,

 
54
9,
 
56

0,
 
56

2,
 
56

3.

Tr
if

ar
in

a 
an

qu
lo

sa
 

(W
il
li
am
so
n)
 

is
 

a 
co
sm
op
ol
it
an
 

s
p
e
c
i
e
s
(
B
a
g
g
,
 

19
12
1

wh
ic

h 
pr

ef
er

s 
to

 
li
ve
 

in
 
sh

al
lo

w 
wa

te
rs

. 
In
 
bo

re
al

 
en

vi
ro

nm
en

ts
 
it
 
in
ha
bi
ts
 
sh
al
lo
we
r 

de
pt
hs
 

th
an

 
in

 
th

e 
wa
rm
er
 
tr

op
ic

al
 
wa
te
r 

ma
ss
es
 
(B
re
nn
er
, 

19
62
).
 

Re
ce
nt
 
of

fs
ho

re
 
se
di
me
nt
s 

of
 
Ba
ff
in
 
Ba
y 

co
nt
ai
ne
d 

sp
ec
im
en
s 

wh
ic

h 
us

ua
ll

y 
ma
ke
 
up

 
5%

 
or
 
le

ss
 
of

 
th
e 

fa
un

a 
an
d 

pr
im
ar
il
y 

re
pr
es
en
t 

wa
te
r 

de
pt
hs
 
of

 
le

ss
 
th

an
 
ap
pr
ox
im
at
el
y 

25
0 

me
te
rs
 

(P
hl
eg
er
, 

19
52
).

 
Cu

sh
ma

n 
an
d 

Mc
Cu

ll
oc

h 
(1
94
8)
 
ha

ve
 
al

so
 

re
co
rd
ed
 
th

is
 
sp

ec
ie

s 
in
 
wa
te
rs
 
as

 
sh
oa
l 

as
 
fo
ur
 
me
te
rs
 

of
f 

Al
as
ka
. 

Re
ce
nt
 

sp
ec
im
en
s 

ha
ve
 
be

en
 
re

co
ve

re
d 

of
f 

Br
it
is
h 

Co
lu
mb
ia
 
an

d 
in
 
th
e 

Ju
an
 
de
 
Pu
ca
 
an
d 

Ge
or

gi
a 

St
ra

it
s,

 
in
 

34
 

to
 
20
6 

me
te

rs
 
wa

te
r 

de
pt

h 
(C
oc
kb
ai
n,
 
19

63
).

In
 
a 

re
vi

ew
 

of
 

th
e 

be
nt

ho
ni

c 
fo

ra
mi

ni
fe

rs
 

of
 

th
e 

we
st
er
n 

No
rt
h 

Am
er
ic
an
 
ne

ar
sh

or
e 

tu
rb

ul
en

t 
zo

ne
 
fr

om
 
Or
eg
on
 

to
 

Pa
na
ma
, 

so
me
 

di
ff

ic
ul

ty
 

wa
s 

en
co

un
te

re
d 

di
sc
er
ni
ng
 

se
ve
ra
l 

sp
ec
ie
s 

of
 
Tr

if
ar

in
a 

(L
an

kf
or

d,
 
19
62
; 

La
nk

fo
rd

 
an
d 

Ph
le
ge
r,
 
19

73
).

 
Th

es
e 

au
th

or
s 

fo
un

d 
it
 
ne
ce
ss
ar
y 

to
 
co

al
es

ce
 

th
e 

gr
ad

at
io

na
l 

fo
rm

s 
be

tw
ee

n 
Tr

i 
fa
r 
in
a 

an
gu

lo
sa

, 
T.
 
ba
qq
i 

(G
al
lo
wa
y 

an
d 

Wi
ss

le
r)

, 
T.

 
h
u
q
h
e
s
T
(
G
a
l
l
o
w
a
y
a
n
d
 

Wi
ss
le
r)
 

an
d 

T.
 

fl
ue

ns
 
(T
od
d)
 
in
to
 
a 

si
ng

le
 
cl

ad
e.

 
Th
is
 
"T

ri
fa

ri
na

 
an

qu
lo

sa
" 

gr
ou

p 
ex

is
te

d 
th

ro
ug

ho
ut

 
th
e 

g
e
o
g
r
a
p
h
i
c
a
l
r
e
g
i
o
n
 

ex
am
in
ed
, 

oc
cu

rr
in

g 
at
 
al
l 

de
pt

hs
 
to
 
th
e 

st
ud

y'
s 

ma
xi

mu
m 

of
 

40
 
me

te
rs

 
an
d 

on
 
al
l 

of
 
th
e 

su
bs
tr
at
es
 
en
co
un
te
re
d.

Re
ce
nt
 
re

pr
es

en
ta

ti
ve

s 
of
 
Tr

if
ar

in
a 

an
qu
lo
sa
 
ha
ve
 

al
so
 

be
en

 
re

po
rt

ed
 
fr

om
 
th
e 

Sa
n 

Fr
an

ci
sc

o 
Ba
y 

ar
ea

. 
In

 
an
 
ea
rl
y 

wo
rk
, 

Ha
nn

a 
an

d 
Ch

ur
ch

 
(1
92
7)
 
di
sc
ov
er
ed
 
ra
re
 
in
di
vi
du
al
s 

in
 

th
e 

fi
ne

r 
ma
te
ri

al
 
dr
ed
ge
d 

ne
ar

 
th

e 
Pa

ra
ll

on
 
Is
la
nd
s 

in
 
21
9 

me
te

rs
 
or
 
le

ss
 
wa
te
r 

de
pt

h.
 

La
te

r,
 
Ba
nd
y 

(1
95
3a
) 

de
te

ct
ed

 
th
e 

pr
es

en
ce

 
of

 
th

is
 

sp
ec

ie
s 

fr
om

 
12
2 

to
 
21
3 

me
te

rs
 
on
 
a 

tr
an
se
ct
 
of
f 

th
e 

Ba
y 

it
se

lf
.

Fa
rt
he
r 

so
ut
h 

al
on

g 
th

e 
Ca
li
fo
rn
ia
 
co

as
t,

 
nu

me
ro

us
 
ci

t­
 

in
gs
 

of
 

Tr
if
ar
in
a 

an
qu

lo
sa

 
ha

ve
 
be

en
 
re

po
rt

ed
. 

A 
si

ng
le

 
tr
an
se
ct
 
of
f 

Po
in

t 
Ar
gu
el
lo
 
fo
un
d 

it
 
pr
es
en
t 

at
 
18
7 

to
 

36
6 

me
te

rs
 

(B
an

dy
, 

19
53

a)
. 

Cu
sh

ma
n 

an
d 

Mo
ye

r 
(1
93
0)
 
re

po
rt

ed
 

ra
re

 
in

di
vi

du
al

s 
fr

om
 
re
ce
nt
 
se

di
me

nt
s 

ob
ta
in
ed
 
fr

om
 

64
 

to
 

91
 
me

te
rs

 
wa
te
r 

de
pt

h 
of
f 

Sa
n 

Pe
dr

o,
 
Ca

li
fo

rn
ia

, 
no
ti
ng
 
th

at
 

th
e 

sp
ec
ie
s 

wa
s 

wi
de
ly
 

di
st
ri
bu
te
d 

in
 

co
ol

 
wa

te
rs

. 
Th
e 

Al
la

n 
Ha
nc
oc
k 

Pa
ci
fi
c 

Ex
pe
di
ti
on
 
id

en
ti

fi
ed

 
th
e 

sp
ec
ie
s 

at
 

nu
me

ro
us

 
lo
ca
li
ti
es
 
of
f 

th
e 

Ch
an
ne
l 

Is
la

nd
s 

in
 

13
 

to
 

22
9 

me
te

rs
 

of
 

wa
te
r 

wh
il

e 
In
gl
e 

(1
98
0)
 
re

po
rt

ed
 
it

s 
pr
es
en
ce
 

al
on

g 
th

e 
So

ut
he

rn
 
Ca

li
fo

rn
ia

 
co

nt
in

en
ta

l 
bo

rd
er

la
nd

. 
In

 
th
e 

la
tt
er
 
wo

rk
, 

th
e 

ta
xo

n'
s 

di
st

ri
bu

ti
on

 
ap
pe
ar
ed
 
to
 
be
 
tr
an
si
­ 

ti
on
al
 
be

tw
ee

n 
th
e 

ou
te
r 

sh
el

f 
an

d 
up
pe
r 

ba
th
ya
l 

wa
te

rs
, 

lo
ca

te
d 

ap
pr

ox
im

at
el
y 

at
 
15

0 
me

te
rs

 
in
 
th

is
 
re
gi
on
. 

Fa
rt

he
r 

so
ut
h 

al
on

g 
Ca

li
fo

rn
ia

, 
Tr

if
ar

in
a 

an
qu

lo
sa

 
wa

s 
fo
un
d 

at
 

61



to
 

24
4 

me
te

rs
 

wa
te

r 
de

pt
h 

on
 

a 
tr
an
se
ct
 
of
f 

Sa
n 

Di
eg

o 
(B

an
dy

, 
19

53
a)

 
an

d 
at

 
10

0 
to
 

88
0 

me
te
rs
, 

wi
th
 

a 
ma
xi
mu
m 

ab
un

da
nc

e 
be

tw
ee

n 
10
0 

an
d 

55
0 

me
te

rs
, 

in
 
th
e 

Co
ro

na
do

 
Ba

nk
 

re
gi

on
 
(B
ut

ch
er
, 

19
51
).

Wa
lt

on
 
(1
95
5)
 
st
ud
ie
d 

li
vi
ng
 
an
d 

de
ad

 
fo

ra
mi

ni
fe

rs
 

of
 

To
do

s 
Sa

nt
os

 
Ba
y,
 
Ba

ja
 
Ca

li
fo

rn
ia

, 
Me

xi
co

 
an

d 
as

si
gn

ed
 
Tr

i-
 

fa
r 
in
a 

an
gu

lp
sa

 
to
 
hi

s 
ma

rg
in

al
 
ba
y 

fa
ci
es
 

wh
ic

h 
wa

s 
co

n-
 

f 
in
ed
 

to
 

th
e 

re
la

ti
ve

ly
 
sh

al
lo

w 
wa

te
rs

 
be
tw
ee
n 

th
e 

is
la

nd
s 

an
d 

th
e 

ma
in
la
nd
. 

Th
e 

sp
ec
ie
s 

wa
s 

fo
un
d 

mo
st
 
ab
un
da
nt
ly
 

at
 

ap
pr
ox
im
at
el
y 

91
 

to
 
18

3 
me
te
rs
. 

Fa
rt

he
r 

of
fs
ho
re
, 

Cu
sh
ma
n 

an
d 

Mc
Cu
ll
oc
h 

(1
94
8)
 

re
co
rd
ed
 

th
e 

ta
xo
n 

ne
ar

 
Gu

ad
al

up
e 

Is
la
nd
 

at
 

36
6 

me
te

rs
. 

Ne
ar

by
 
in

 
th

e 
Gu

lf
 
of

 
Ca

li
fo

rn
ia

, 
Ba
nd
y 

(1
96
1)
 
fo
un
d 

Tr
i 
fa

ri
na

 
an
qu
lo
sa
 

to
 

be
 

a 
do
mi
na
nt
 

sp
ec
ie
s 

in
 

hi
s 

ou
te

r 
sh

el
f 

fa
un
a,

 
ra

ng
in

g 
fr

om
 
73

 
to
 
-1
52
 

me
te
rs
 
wa

te
r 

de
pt

h.
 

Br
en

ne
r 

(1
96
2)
 
di
sc
ov
er
ed
 

it
 

in
 

bo
th
 

th
e 

no
rt

he
rn

 
an

d 
so
ut
he
rn
 

ha
lv

es
 

of
 

th
e 

Gu
lf

, 
wh
er
e 

it
 

se
em
ed
 
to
 
pr

ef
er

 
in
ha
bi
ti
ng
 
th

e 
sh

al
lo

w 
wa

te
rs

 
gr

ea
te

r 
th

an
 

50
 
me
te
rs
. 

Th
e 

sp
ec
ie
s 

is
 
al
so
 
co

ns
id
er
ed
 
an
 
ou
te
r 

sh
el
f 

(5
0 

to
 
15

0 
me
te
rs
) 

to
 
up

pe
r 

ba
th

ya
l 

(1
50
 
to
 
60
0 

me
te
rs
) 

in
ha

bi
­ 

ta
nt
 
in

 
th
e 

Gu
lf

 
by

 
Ma
to
ba
 
an
d 

Ya
ma

gu
ch

i 
(1

98
2)

.
Tr
i 
fa
ri
na
 
an
qu
lo
sa
 
is

 
al

so
 

wi
de

ly
 

di
st

ri
bu

te
d 

ac
ro

ss
 

th
e 

Pa
ci

fi
c 

O
c
e
a
n
,
h
a
v
i
n
g
 
be
en
 
fo
un
d 

by
 
Br
ad
y 

(1
88
4)
 
in

 
th
e 

No
rt

h 
Pa

ci
fi

c 
fr
om
 
91

 
to
 
91
4 

me
te
rs
 
an

d 
ne

ar
 

th
e 

Ha
wa

ii
an

 
Is
la
nd
s 

fr
om

 
19
0 

to
 
24

54
 
me

te
rs

 
(C

us
hm

an
, 

19
13

a)
. 

In
 
ad
di
­ 

ti
on

, 
Cu

sh
ma

n 
(1

91
3a

) 
no
te
s 

it
s 

pr
es

en
ce

 
ne

ar
 
Ja

pa
n 

at
 

36
6 

to
 
59
3 

me
te

rs
 
an

d 
in

 
th
e 

Pa
na
ma
 
Ba

y 
at
 
93
 
me
te
rs
.

In
 
th
e 

At
la
nt
ic
 

Oc
ea

n,
 

Tr
i 
fa
ri
na
 

an
qu
lo
sa
 

is
 

qu
it

e 
wi

de
sp

re
ad

 
(P

hl
eg

er
, 

19
52

).
 

Of
f 

th
e 

no
rt

he
as

te
rn

 
co
as
t 

of
 

th
e 

Un
it

ed
 
St

at
es

, 
th

e 
ta

xo
n 

ap
pe
ar
s 

ab
un

da
nt

ly
. 

It
 

ha
s 

be
en

 
fo

un
d 

on
 
th
e 

co
nt

in
en

ta
l 

sh
el

f 
fr
om
 
th
e 

Gu
lf

 
of

 
Ma
in
e-
 

Ma
ry
la
nd
 
(P

ar
ke

r,
 
19

48
),

 
pe

ak
in

g 
in

 
of

fs
ho

re
 
tr
an
se
ct
s 

fr
om
 

90
 

to
 

30
0 

me
te

rs
 
an
d 

30
0 

to
 
68
0 

me
te
rs
. 

Ye
t,
 
ac

co
rd

in
g 

to
 

Pa
rk
er
 
(1

94
8)

, 
it

 
ha

s 
no
 

fa
ci
es
 

si
gn

if
ic

an
ce

 
(P
hl
eg
er
, 

19
52

).
 

In
 

th
e 

Br
it

is
h 

Is
le

s,
 

th
e 

sp
ec

ie
s 

ha
s 

al
so
 
be

en
 

re
co

rd
ed

 
in

 
sh
el

f 
wa

te
rs

 
(M
ur
ra
y,
 
19

71
):

 
in

 
th
e 

Ce
lt

ic
 

Se
a 

at
 

12
8 

to
 

13
8 

me
te

rs
; 

in
 
th

e 
Br

is
to

l 
Ch
an
ne
l 

at
 
66

 
to
 
91

 
me
te
rs
; 

al
on
g 

th
e 

sh
el

f 
ed
ge
 
fr
om
 
42

0 
to

 
10

02
 

me
te
rs
; 

in
 

th
e 

En
gl

is
h 

Ch
an
ne
l 

fr
om

 
84
 
to
 
95
 
me
te
rs
; 

ne
ar

 
Pl

ym
ou

th
 
in

 
10
 
to

 
60
 

me
te

rs
 

wa
te

r;
 

an
d 

al
on
g 

th
e 

so
ut

h 
co
as
t 

of
 

Co
rn
wa
ll
 
fr

om
 
14

 
to

 
42

 
me
te
rs
. 

Ba
se

d 
on
 
th

e 
wo

rk
s 

of
 
Pa
rk
er
 

(1
95
8)
 
an

d 
Ch
ie

ri
ch

i 
an

d 
ot

he
rs

 
(1

96
2)

, 
th

e 
ta
xo
n 

is
 

co
n­
 

si
de
re
d 

re
pr

es
en

ta
ti

ve
 
of

 
ba

th
ya

l 
wa

te
rs

 
fr

om
 
ap
pr
ox
im
at
el
y 

15
0 

to
 
25

0 
me
te
rs
 
in
 
th

e 
Me
di
te
rr
an
ea
n 

Se
a 

(B
an

dy
 
an
d 

Ch
ie
r­
 

ic
hi

, 
19

66
).

 
In
 

th
e-

So
ut

hw
es

te
rn

 
At
la
nt
ic
, 

Bo
lt

ov
sk

oy
 
an
d 

ot
he

rs
 
(1

98
0)
 
co
ns
id
er
 
Tr
if
ar
in
a 

an
qu
lo
sa
 
a 

eu
ha
li
ne
 
sp
ec
ie
s 

wh
ic

h 
is

 
as
so
ci
at
ed
 
wi
th
 
th
e 

sh
el

f.
 
Th
e 

ta
xo
n 

ha
s 

al
so
 
be

en
 

fo
un
d 

a
b
u
n
d
a
n
t
l
y
 
ar

ou
nd

 
th
e 

Fa
lk

la
nd

 
Is

la
nd

s 
an

d 
ra
re
ly
 

in
 

th
e 

An
ta
rc
ti
c 

(P
hl
eg
er
, 

19
52

).
In
 
co

nc
lu

si
on

, 
Tr
 i
fa

ri
na

 
an

qu
lo

sa
 
is
 

a 
ge

og
ra

ph
ic

al
ly

 
wi
de
ly
 

di
st

ri
bu

te
d 

sp
ec
ie
s 

wh
ic
h 

ap
pe
ar
s 

to
 
be

 
as
so
ci
at
ed
 

wi
th
 

sh
al

lo
w 

co
nt

in
en

ta
l 

sh
el
f 

wa
te
rs
, 

of
te

n 
oc

cu
py

in
g 

de
pt
hs
 
do
wn
 
to
 
ap
pr
ox
im
at
el
y 

25
0 

me
te

rs
.

Di
 s
tr
ib
ut
 i
on

Wi
th

 
th

e 
ex

ce
pt

io
n 

of
 
on
e 

ra
re
 

oc
cu

rr
en

ce
, 

Tr
 i 
fa
r 
in

a 
an

qu
lo

sa
 
wa

s 
re

co
ve

re
d 

ex
cl
us
iv
el
y 

fr
om
 
th

e 
sa

nd
 
le
ns
es
 
sa
m­
 

pl
ed
 
in
 
th

is
 
st

ud
y.
 
Th

e 
ta

xo
n 

co
mp

ri
se

s 
le
ss
 
th

an
 
1%

 
of

 
th
e 

fa
un

al
 

as
se

mb
la

ge
 

of
 
th
e 

sa
nd
 
in
te
rv
al
s 

sa
mp

le
d 

be
tw
ee
n 

46
 

an
d 

33
8 

cm
 
do
wn
co
re
.

Tr
i 
fa

ri
na

 
hu

qh
es

i 
(G
al
lo
wa
y 

an
d 

Wi
ss
le
r)
 

Pl
at
e 

17
, 

fi
gu
re
 
8

Uv
iq

er
in

a 
hu
qh
es
i 

Ga
ll

ow
ay

 
an
d 

Wi
ss
le
r;
 

Ga
ll

ow
ay

 
an

d 
Wi

ss
le

r,
 
19

27
, 

p.
 
76
, 

pi
. 

12
, 

fi
g.
 
5.

An
qu

lo
qe

ri
na

 
hu

qh
es

i 
(G
al
lo
wa
y 

an
d 

Wi
ss

le
r)

; 
Cu
sh
ma
n,
 

S
t
e
w
a
r
t
a
n
3
 
St

ew
ar

t,
 
19

30
, 

p.
 
70

-7
1,

 
pi
. 

5,
 
fi

g.
 
16
; 

Cu
sh
­ 

ma
n 

an
d 

Mc
Cu
ll
oc
h,
 
19

48
, 

pi
. 

36
, 

fi
g.

 
2.

Tr
if

ar
in

a 
an
qu
lo
sa
 
(G

al
lo

wa
y 

an
d 

Wi
ss

le
r)

; 
La

nk
fo

rd
 

an
d 

Ph
le
ge
r 

(i
n 

pa
rt
),
 
19

73
, 

p.
 
12
9,
 
pi

. 
3,
 
fi

g.
 
30
.

Cu
sh
ma
n 

an
d 

To
dd
 
(1
94
7)
 
re
po
rt
ed
 

co
ll
ec
ti
ng
 

Tr
if
ar
in
a 

hu
qh
es
i 

fr
om
 
th
e 

sh
al
lo
w 

wa
te

rs
 
su

rr
ou

nd
in

g 
th
e 

is
la
nd
s 

an
d 

di
re

ct
ly

 
of
f 

th
e 

co
as
t 

of
 
Wa

sh
in

gt
on

. 
Pr

io
r 

to
 

th
is
 

ti
me

, 
fo

ss
il

 
sp

ec
im

en
s 

fr
om

 
Pl

io
ce

ne
 
an
d 

Pl
ei

st
oc

en
e 

de
po
si
ts
 
ha

d 
ex

cl
us

iv
el

y 
be

en
 

re
po

rt
ed

 
in

 
th
e 

Ca
li

fo
rn

ia
 

re
gi
on
. 

Al
th
ou
gh
 

oc
cu
ri
ng
 
on
ly
 
ra
re
ly
 
in

 
th

e 
Wa

sh
in

gt
on

 
ar

ea
, 

th
es

e 
sp
ec
im
en
s 

we
re

 
re

co
ve

re
d 

in
 
18
 
an
d 

27
 
me
te
rs
 
wa

te
r 

de
pt

h.
Mo

re
 
nu

me
ro

us
 
ci
ti
ng
s 

of
 
th
is
 

ta
xo

n 
ha
ve
 

si
nc
e 

be
en
 

re
po

rt
ed

 
fr
om
 
th
e 

Wa
sh
in
gt
on
-O
re
go
n 

bo
rd
er
 
so

ut
hw

ar
d.

 
La

nk
- 

fo
rd

 
(1
96
2)
 
an

d 
La

nk
fo

rd
 
an

d 
Ph

le
ge

r 
(1
97
3)
 
co
mb
in
ed
 
Tr
if
ar
­ 

in
a 

hu
qh
es
i 

an
d 

th
re
e 

ot
he
r 

sp
ec

ie
s 

in
to
 
a 

cl
ad
e 

an
d 

tr
ac

ed
 

it
s 

pr
es

en
ce

 
in

 
th
e 

ne
ar
sh
or
e 

tu
rb
ul
en
t 

zo
ne

 
of

 
we
st
er
n 

No
rt

h 
Am

er
ic

a 
(s
ee
 

Tr
if
ar
in
a 

an
qu

lo
sa

).
 

Th
ey
 
fo
un
d 

th
e 

"g
ro

up
" 

pr
es

en
t 

be
tw

ee
n 

th
e 

in
te

rt
id

al
 
zo

ne
 

an
d 

40
 

me
te

rs
 

fr
om

 
Or

eg
on

 
to

 
Pa
na
ma
 
on
 
al
l 

of
< 
th

e 
su
bs
tr
at
es
 
en
co
un
te
re
d.
 

Co
op

er
 
(1
96
1)
 
al
so
 
re

vi
ew

ed
 

re
ce
nt
 

sp
ec
ie
s 

oc
cu

py
in

g 
th
e 

in
te

rt
id

al
 

zo
ne

 
fr
om
 
Or

eg
on

 
to
 
Sa

n 
Di

eg
o 

an
d 

in
cl

ud
ed

 
Tr
i-
 

fa
ri

na
 
hu
qh
es
i 

in
 
hi

s 
fa

un
al

 
li
st
. 

Ba
nd
y 

(1
95
3a
) 

re
po

rt
ed

th
is

 
sp
ec
ie
s 

in
 
hi

s 
ta
xo
no
my
 
as

 
we

ll
, 

bu
t 

di
d 

no
t 

sp
ec

if
y 

in
 

wh
ic

h 
of
 
hi

s 
th

re
e 

tr
an
se
ct
s,
 

of
f 

Sa
n 

Fr
an
ci
sc
o,
 

Po
in

t 
Ar
gu
el
lo
, 

an
d 

Sa
n 

Di
eg

o,
 

it
 
wa

s 
re
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ow
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Wi
ss
le
r,
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, 

Pl
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Pa
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s 

Ve
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, 

CA
.

G
a
l
l
o
w
a
y
 
an

d 
Wi
ss
le
r 
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d 
th
e 

sp
ec
ie
s 

pr
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en
t 
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P
l
e
i
s
t
o
c
e
n
e
-
a
g
e
d
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ar
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de
po

si
ts

 
in
 
so
ut
he
rn
 
Ca

li
fo

r­
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a.
 

Th
e 

au
th

or
s 

no
te
d 

th
at
 
th
e 
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se

mb
la

ge
 

re
co
ve
re
d 

wa
s 

si
mi

la
r 

to
 
th
at
 
ob

ta
in

ed
 
in
 
Pl

ei
st

oc
en

e 
se
di
me
nt
s 

ne
ar
 
Sa

nt
a 

Ba
rb

ar
a 

an
d 

in
cl

ud
ed

 
Bo
li
yi
na
 
sp
is
sa
, 

Qu
in
- 

qu
el
oc
ul
 i
na

 
ak

ne
r 
ia

na
 , 

Ci
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ci
de

s 
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ka
nn
ai
, 

Gl
ob
ob
ul
im
- 

" 
Ca
ss
id
ul
in
a
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a 

pa
ci
 f
 i
ca
" 

t
r
a
n
s
l
u
c
e
n
s
r
~

Wh
it

e'
1 

19
56
 , 
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o-
Pl
io
, 

Ca
pi
st
ra
no
 
Fm

. 
, 
Or

an
ge

 
Co
.,
 
CA
.

Th
is
 
sp

ec
ie

s 
wa
s 

re
po

rt
ed

 
to
 
oc
cu
r 

ra
re

ly
 
to
 
ab

un
da

nt
ly

 
in

 
Pl

io
ce

ne
 
de

po
si

ts
 
of

 
th
e 

Up
pe
r 

Ca
pi
st
ra
no
 
Fo
rm
at
io
n.

In
gl

e,
 
19
80
, 

Te
rt
ia
ry
, 
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. 

CA
. 

co
nt

in
en

ta
l 

bo
rd

er
la

nd
.

In
gl
e 

de
te

rm
in

ed
 
th
at
 
th
e 

sp
ec
ie
s 

wa
s 

a 
ch

ar
ac

te
ri

st
ic

 
me

mb
er

 
of

 
th

e 
up

pe
r 

ba
th

ya
l 

bi
of
ac
ie
s 

be
tw
ee
n 

th
e 

de
pt

hs
 
of
 
15
0 

an
d 

50
0 

me
te

rs
.

Bu
tc
he
r,
 
19
51
, 

R,
 
Co

ro
na

do
 
Ba
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, 

Sa
n 

Di
eg

o,
 
CA

.
Th

is
 
sp

ec
ie

s 
wa
s 

fo
un

d 
be

tw
ee

n 
th
e 

de
pt
hs
 

of
 

17
5 

an
d 
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25
 

me
te
rs
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f 
Sa
n 

Di
eg

o.
 

It
 
oc

cu
rr

ed
 
in
 
gr
ea
t 

ab
un
­ 

da
nc

e 
fr
om
 
17
5 

to
 
49
0 

me
te

rs
 
an
d 
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gr
ea
te
st
 

ab
un
da
nc
e 

be
tw
ee
n 

th
e 

de
pt
hs
 
of

 
49
0 

an
d 
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25

 
me

te
rs

.
Wa
lt
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, 

19
55
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, 

R,
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s 

Sa
nt
os
 
Ba
y,
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CA
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Me
xi
co
.

Wa
lt

on
 
fo

un
d 

Uv
iq
er
in
a 

pe
re
qr
in
a 

Cu
sh
ma
n 

va
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. 

(i
n 

pa
rt
),
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we

ll
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Re

op
ha

x 
qr
ac
il
is
, 
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li

yi
na

 
pa

ci
f 
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a,
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ob

ob
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 i
mi

na
 
sp

p.
 ,

 
Tr

i 
fa

ri
na

 
an
qu
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sa
 

an
d 

Bu
cc
eT
Ta
 

f r
 i 
q 

i d
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, 

oc
cu

rr
in

g 
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st
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un
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nt
ly
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tw
ee
n 

th
e 

de
pt
hs
 

ol
 
ap
pr
ox
im
at
el
y 

91
 
an

d 
18
3 

me
te
rs
. 
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er
ed
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a 

me
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er
 
of
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s 

ou
te
r 

ba
y 

fa
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es
, 

wh
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h 

oc
cu
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ed
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e 

d
e
e
p
 
ch

an
ne

l 
an

d 
de
ep
er
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To
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s 

Sa
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os
 
Ba

y.
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nd
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61
, 

R,
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lf
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CA
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rt

 i
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l-
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s.

Th
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sp

ec
ie

s 
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un
d 

to
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a 
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nt
 
me
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of
 

th
e 
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r 
ba
th
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l 
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ie

s,
 
oc

cu
rr

in
g 

be
tw
ee
n 

th
e 

de
pt

hs
 

of
 
24
4 

an
d 

36
6 

me
te

rs
, 

wi
th
 

th
e 

te
mp

er
at

ur
e 

ra
ng
in
g 

fr
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6.
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to
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.

Br
en

ne
r,

 
19

62
, 

R,
 
sh
al
lo
w,
 
Gu

lf
 
of

 
Ca
li
fo
rn
ia
.

Th
e 

sa
mp

le
s 

in
 
th

is
 
st
ud
y 

we
re

 
co

ll
ec

te
d 

to
 

a 
ma
xi
mu
m 

de
pt
h 

of
 

79
.4
 

me
te
rs
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th
e 

Gu
lf

 
of
 
Ca

li
fo

rn
ia

, 
an

d 
Uy

iq
er

 i
na

 
pe
re
qr
in
a 

wa
s 

re
co
ve
re
d 

fr
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bo
th
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lv
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th
e 

Gu
lf

. 
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en
ne

r 
no
te
d 

th
at
 
th
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n 
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y 
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d 
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te

r 
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an
 
60
0 

me
te
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e 

At
la
nt
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c
o
n
t
i
n
e
n
t
a
l
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f.
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& 
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i 

, 
19
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, 
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Gu
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£. 
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l,
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W.

 
co
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t 
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Ce
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l 
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a.
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a 

st
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y 
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e 
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, 
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n 
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s 
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d 
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d 
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n 

th
e 
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0 
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d 
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Th

e 
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s 
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e 
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un
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a 
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h 
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, 

8%
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, 
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% 
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d 
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m
a
x
i
m
u
m
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% 
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e 
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me
te
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y 

an
d 
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l 
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te
d 
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e 
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t 

m
e
m
b
e
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s
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e 
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ya

l 
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a 
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ee
n 

th
e 

de
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61
0 

an
d 
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me
te
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e 

Uv
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, 
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Bo
li
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na
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a 
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d 

Ep
is
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a 
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.
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it
h,
 
19
64
, 

R,
 
El
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& 
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ca

ra
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a.
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it
h 
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mi
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d 

bo
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Uv
iq
er
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a 

pe
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a 
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d 

U.
 
pe
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­ 
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a 
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ru
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at
 
a 
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n 
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d 
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n 
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e 
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o 
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rm
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e 
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ed
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d 
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t 
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ra
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d 
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lo
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y 
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ge
og
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ph
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ly
 
an

d 
th
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th
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ra
ng
ed
 
in

 
de
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h 

be
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ee
n 

80
0 

an
d 

17
00

 
me

te
rs

 
in

 
he

r 
st
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Sm
it
h 

fo
un
d 

th
at

 
Uv

iq
er

in
a 

pe
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qr
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a 
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s 
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th
e 

de
ep
er
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mp
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in
g 
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00
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d 
17

00
 

me
te
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. 
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ra
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, 
Uv

iq
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a 

pe
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qr
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a 
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ru
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a 

wa
s 

mo
re
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un
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e 

sh
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r 
s
a
m
p
l
e
s
,
T
o
u
m
3
a
t
 

80
0 

an
d 
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5 

me
te
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.
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gl
e,
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& 
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ac
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19

80
, 

R,
 
Pe
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.
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o 

va
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et
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th
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ta
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n 

we
re

 
de
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d 
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e 

Pe
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-C
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Tr
en

ch
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ea
. 

Va
ri
et
y 

A 
wa

s 
fo
un
d 

at
 
th
e 

de
pt
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of
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2,
 
27

4 
an

d 
12
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me
te
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, 
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ri
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ng
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, 
17

.8
 
an
d 

19
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% 

of
 
th

e 
as

se
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la
ge

s,
 
re
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ti
ve
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. 

Th
es

e 
pa

rt
ic

ul
ar

ly
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gh
 
ab
un
da
nc
es
 
co
rr
el
at
e 

wi
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th
e 

ou
te
r 

sh
el

f 
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35
 

to
 

15
0 

me
te

rs
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up

pe
r 

ba
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l 

(1
50
 
to

 
50
0 

me
te
rs
) 

an
d 

up
pe
r 

mi
dd
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ba

th
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l 
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00
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15
00

 
me
te
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) 
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ne
d 

by
 

th
e 
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th
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s 
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th
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. 
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ri

et
y 

B 
wa
s 
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in
ed

 
be
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n 

27
4 

an
d 

18
00

 
me

te
rs

, 
wi
th
 

a 
ra
re
 
oc
cu
rr
en
ce
 
in
 
th
e 

un
co

un
te

d 
al

iq
uo

t 
at
 
th
e 

de
pt

h 
of

 
25

68
 
me

te
rs
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Th
e 

fo
rm

 
co
mp
ri
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d 

mo
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<1

% 
of

 
th
e 

fa
un
al
 
as

se
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la
ge

s,
 
bu
t 

pe
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at
 
1.
2%
 
of

 
th
e 

fa
u­

 
na

s 
in

 
42
8 

an
d 
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2 

me
te
rs
 
of
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te
r 

an
d 
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1.
4%
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a 

de
pt

h 
of
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0 

me
te
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. 
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is
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t 
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fo
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s 
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re
d 
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e 
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lo
w 
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40
0 

me
te
rs
) 

an
d 
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00
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17
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me

te
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) 
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s 
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d 
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r 
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. 
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Gu
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.
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e 
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en

ta
l 
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d 
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d 
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at
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g 
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n 
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0 
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d 
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t 
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0 

me
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. 
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e 
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n 
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s 
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d 
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of
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0 
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d 
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0 

me
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ic
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d 
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e 
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o 
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t 
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e 
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s 
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ed
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y 
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e 
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mb
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d 
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N.
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is
 
re
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g 

on
 

th
e 
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er
n 
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l 
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e 
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e 
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g 
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ra
l 

di
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s 
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th
e 

No
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h 
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.
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le
ge
r,
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t 
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of
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.
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r 
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d 
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e 
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s 
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be
 
wi
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n.
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d 
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iq
er
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a 

pe
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a 
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s 

ch
ar
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te

ri
st

ic
 
of

 
de
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hs
 
be
tw
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n 
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0 

an
d 

1
8
5
6
m
e
~
t
e
r
s
,
 

an
d 

wa
s 

no
t 
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un

d 
to
 

oc
cu
r 

at
 
de

pt
hs
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th

an
 
50
 

me
te
rs
. 
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cu
rr

ed
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e 
nu
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er
s 
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de
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hs
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r 

th
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0 

me
te

rs
, 
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d 
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s 
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d 
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e 
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w 

18
50

 
me

te
rs
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6. 
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er
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x.
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At
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nt
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.

Th
e 

sp
ec
ie
s 
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s 

no
te
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en
t 

in
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e 
re

ce
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de
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si
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e 
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t 
po
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e 
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Me
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. 
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e 
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la
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me
te

rs
, 
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t 

is
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at
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r

C
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o

th
an
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0 

me
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de
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. 
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er
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d 

th
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s 
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th
e 
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ep
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t 
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e 
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in
en

ta
l 
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f 

an
d 

sl
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e 
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e 

st
ud
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d 

be
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n 
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ho
re

 
Ma
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e 

an
d 
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­ 
la
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, 
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be
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n 
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e 
de
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of
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0 

an
d 
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0 

me
te

rs
. 

Ph
le

ge
r 

(1
94
2)
 
st
at
ed
 
th
at
 

th
e 

ta
xo
n 
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cu
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s 

gr
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te
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e 

on
 

th
e 

At
la

nt
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ea
n 
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e 
at

 
de
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te
r 

th
an
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0 

me
te

rs
.
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, 
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t 
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, 

R,
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w,
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lf
 
of

 
Me
xi
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.
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an
n,

 
19
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, 

R,
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n 

So
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h 

At
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ic
.

Mu
rr

ay
, 

19
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, 
R,
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is
h 
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ra
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.
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d 
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s 
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s 
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e 
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r 
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d 
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e 
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e 

co
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e 
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a 
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8 
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d 
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8 

me
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e 
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e 
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e 
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h 
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l 
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a 
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me
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. 
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we
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e 
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e 
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re
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s 
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a,
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g 

th
e 
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ia
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e 
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y 
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ay
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f 
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d 

in
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e 

Sk
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, 
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d 

Gu
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r 
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, 
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ra
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.

Do
ug

la
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19
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, 
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ra
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.
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Ne
il

, 
19
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.
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er
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ua
to

ri
al

 
an

d 
lo

w-
la

ti
tu

de
 
No
rt
h 

At
la
nt
ic
.

Ba
nd

y,
 
19

56
, 

ge
ne
ra
l 

tr
en
ds
.

Do
ug
la
s 

& 
Wo

od
ru

ff
, 

19
81

, 
de
ep
-s
ea
 
be
nt
ho
ni
c 

fo
ra

ms
.

Cu
sh
ma
n 

& 
Mc
Cu
ll
oc
h,
 
19
48
a,
 
R,
 
Ha
nc
oc
k 

Ex
p,
 
Bu
li
mi
ni
da
e.

Th
e 

ty
pe

 
sp

ec
im

en
 
wa

s 
co
ll
ec
te
d 

of
f 

so
ut

he
rn

 
Ca

li
fo

rn
ia

 
in

 
25

42
 
me

te
rs

 
of

 
wa

te
r.

 
Ot

he
r 

sp
ec

im
en

s 
of

 
Uv

iq
er

in
a 

se
nt

ic
os

a 
we
re
 
ob
ta
in
ed
 

of
f 

Ke
tc
hi
ka
n,
 

Al
as
Tt
a

a
t
"
 a

 
d
e
p
t
h
o
T
 

15
 

me
te

rs
, 

be
tw

ee
n 

th
e 

de
pt
hs
 
of
 

4 
an
d 

54
9 

me
te

rs
 
ne
ar
 
th

e 
Ch

an
ne

l 
Is

la
nd

s 
an

d 
at
 
29
3 

me
te

rs
 

of
f 

Lo
s 

Fr
ai
le
s,
 
Me

xi
co

.

Di
st

ri
bu

t 
io
n

Sp
ec
im
en
s 

of
 
Uv

iq
er

in
a 

se
nt
ic
os
a 

we
re
 

re
co
ve
re
d 

fr
om

 
ev
er
y 

sa
mp

le
 

in
ve

st
ig

at
ed

 
in
 
th
is
 
st
ud
y 

wi
th
 
th

e 
ex
ce
pt
io
n 

of
 
th
e 

co
re

-t
op

. 
Al

th
ou

gh
 
oc
cu
rr
in
g 

in
 
ve
ry
 
hi
gh
 
qu
an
ti
ti
es
 

th
ro
ug
ho
ut
 
th

e 
le

ng
th

 
of

 
th
e 

co
re

, 
th
e 

ta
xo
n 

di
sp

la
ys

 
a 

ge
n­

 
er
al
 
in
cr
ea
se
 
in

 
ab

un
da

nc
e 

wi
th

 
de
pt

h 
in
 
co

re
. 

In
 

th
e 

mu
d 

la
ye

rs
, 

Uv
iq
er
in
a 

se
nt
ic
os
a 

co
mp
ri
se

s 
fr

om
 
12

.7
 
to
 
61
.9
% 

of
 

th
e 
a
s
s
e
m
b
l
a
g
e
.
f
n
 
co
nt
ra
st
, 

th
e 

ta
xo
n 

ac
co
un
ts
 

fo
r 

on
ly
 

1.
4 

to
 
5.

9%
 
of

 
th
e 

fa
un

a 
in

 
th
e 

sa
nd

 
in
te
rv
al
s.

Va
lv

ul
in

er
ia

 
ar
au
ca
na
 
(d

'O
rb

ig
ny

) 
Pl

at
e 

18
, 

fi
gu
re
 
7

Ro
sa
li
na
 
ar

au
ca

na
 
d'

Or
bi

gn
y;

 
d'

Or
bi

gn
y,

 
18
39
a,
 
p.

 
44
, 

pi
. 

6,
 
fi

gs
. 

16
-1

8.
Va

lv
ul

in
er

ia
 
ar
au
ca
na
 
(d
'O
rb
ig
ny
);
 

Cu
sh
ma
n,
 
19

27
a,

 
p.
 

16
0,
 

pT
. 

T,
 

F
i
g
s
'
7
-
8
;
 

Ha
ll
er
, 

19
80
, 

p.
 
25

5-
25

6,
 
pi

. 
9,
 
fi

gs
. 

5-
6;
 

In
gl

e,
 
19
73
, 

p.
 
53

6,
 
54
2,
 
54

5,
 
55

3,
 
56

3;
 
In

gl
e,

 
Ke

ll
er

 
an

d 
Ko
lp
ac
k,
 
19
80
, 

p.
 
14
6,
 
pi
. 

8,
 
fi

gs
. 

9-
11

. 
"V

al
vu

li
ne

ri
a 

ar
au
ca
na
' 

(d
'O

rb
ig

ny
)"

; 
Ma

to
ba

 
an

d 
Ya

ma
gu

ch
i,

 
19

82
, 

p.
 
10

49
-1

05
0,

 
pi

. 
2,

 
fi
g.
 
13

.

V
a
l
v
u
l
i
n
e
r
i
a
 
ar
au
ca
na
 
(d

'O
rb

ig
ny

) 
is

 
a 

co
ns

ti
tu

en
t 

of
 

b
e
n
t
h
o
n
i
c
f
o
r
a
m
i
n
i
f
e
r
a
l
a
s
s
e
m
b
l
a
g
e
s
 
th
ro
ug
ho
ut
 
th
e 

ea
st
er
n 

Pa
ci

fi
c 

Oc
ea
n.
 

Fr
om

 
th
e 

Ko
di

ak
 
sh

el
f 

to
 
Ca
pe
 
Fa

ir
we

at
he

r 
in
 

th
e 

Gu
lf
 
of

 
Al
as
ka
, 

Be
rg
en
 
an
d 

O'
Ne

il
 
(1
97
9)
 
fo
un
d 

th
e 

ta
xo
n

as
so

ci
at

ed
 
wi
th
 
th
ei
r 

mi
dd
le
 

to
 

lo
we

r 
ba
th
ya
l 

de
po
si
ts
. 

Co
mm
on
ly
 

co
mp
ri
si
ng
 
le
ss
 
th

an
 
1%

 
of
 
th

e 
to

ta
l 

as
se
mb
la
ge
 
in
 

it
s 

pr
es
en
ce
 
be

tw
ee

n 
56

4 
an

d 
19
76
 

me
te
rs
, 

it
s 

ab
un
da
nc
e 

pe
ak

ed
 

at
 

3 
an

d 
4%

 
at
 
de
pt
hs
 
of

 
83
3 

an
d 

62
2 

me
te

rs
, 

re
sp

ec
­ 

ti
ve
ly
. 

Th
e 

De
ep

 
Se
a 

Dr
il

li
ng

 
Pr

oj
ec

t 
(I
ng
le
, 

19
73

),
 

pr
o­

 
cu
ri
ng
 

co
re
 

ma
te
ri
al
 

at
 
Si

te
 
18

2 
fr

om
 
a 
de
pt
h 

of
 
14
19
 
an

d 
14
34
 
me
te
rs
 
on
 
th

e 
up
pe
r 

co
nt

in
en

ta
l 

sl
op

e 
so
ut
he
as
t 

of
 

Ko
di

ak
 
Is
la
nd
, 

al
so
 
no

te
d 

th
e 

pr
es

en
ce

 
of
 
Va

lv
ul

in
er

ia
 
ar
au
­ 

ca
na

 
in

 
it

s 
fa

un
al

 
as

se
mb

la
ge

. 
In

gl
e 

(1
97
3)
 
co
nc
lu
de
d 

th
at
 

it
s 

pr
es
en
ce
 

ma
rk
ed
 

th
e 

de
po

si
ti

on
 

of
 

up
pe

r 
an
d 

mi
dd
le
 

ba
th
ya
l 

de
po

si
ts

 
at

 
th

is
 
lo

ca
ti

on
, 

as
 
we
ll
 
as
 

at
 

th
e 

De
ep

 
Se
a 

Dr
il
li
ng
 
Pr

oj
ec

t 
si

te
s 

of
f 

Va
nc

ou
ve

r 
Is

la
nd

 
(S
it
e 

17
7)

, 
th
e 

Co
lu
mb
ia
 
Ri
ve
r 

(S
it
e 

17
4)
, 

ce
nt
ra
l 

Or
eg

on
 
(S

it
e 

17
5)
 
an

d 
on
 
th
e 

De
lg

ad
a 

Fa
n,
 
so

ut
h 

of
 
Ca
pe
 
Me
nd
oc
in
o 

in
 
no
rt
he
rn
 
Ca

l­
 

if
or
ni
a 

(S
it
e 

17
3)

. 
Ha
ll
er
 
(1
98
0)
 
al
so
 
co

ll
ec

te
d 

th
e 

ta
xo
n 

in
 
no
rt
he
rn
 
Ca

li
fo

rn
ia

, 
in
 
Pl
io
ce
ne
 
de

po
si

ts
 
of
 
th
e 

Hu
mb
ol
dt
 

Ba
si

n.
 

Ba
se
d 

up
on
 
th
e 

wo
rk
s 

of
 
Ba

nd
y 

(1
96
0b
) 

an
d 

La
nk
fo
rd
 

(1
96
2)
, 

Ha
ll

er
 

co
nc

lu
de

d 
th

at
 

Va
lv

ul
in

er
ia

 
ar

au
ca

na
 

is
 

ch
ar
ac
te
ri
st
ic
 
of
 
re

ce
nt

 
ba
th
ya
l 

an
d 

ab
ys
sa
l 
d
e
p
t
h
s
b
e
t
w
e
e
n
 

ap
pr

ox
im

at
el

y 
15

0 
an

d 
>4

00
0 

me
te

rs
.

Co
ns

id
er

ab
ly

 
fa
rt
he
r 

so
ut

h,
 
of
fs
ho
re
 
of

 
Sa

nt
a 

Ba
rb

ar
a,

 
se

ve
ra

l 
st
ud
ie
s 

no
te

d 
th
e 

pr
es
en
ce
 

of
 

th
e 

ta
xo

n.
 

In
 
a 

re
vi

ew
 
of
 
re
ce
nt
 
be

nt
ho

ni
c 

fo
ra
mi
ni
fe
rs
 

on
 

th
e 

si
ll

 
an
d 

ba
si
n 

pr
op
er
 

of
 

th
e 

Sa
nt

a 
Cr
uz
 
Ba

si
n,

 
Re

si
g 

(1
95

8)
 
de

te
r­

 
mi

ne
d 

th
at

 
Va

lv
ul

in
er

ia
 
ar
au
ca
na
 
wa

s 
a 

co
mm
on
 
sp

ec
ie

s 
al
on
g 

th
e 

we
st

 
sl
op
e 

an
d 

si
ll

. 
It

 
wa
s 

fo
un

d 
to
 
ra
ng
e 

be
tw
ee
n 

73
2 

an
d 

18
65

 
me
te
rs

, 
wi
th
 
th
e 

si
ll

 
de

pt
h 

ly
in
g 

at
 

ap
pr
ox
im
at
el
y 

10
83
 

me
te
rs
. 

Ha
rm
an
 
(1
96
4)
, 

in
ve
st
ig
at
in
g 

re
ce
nt
 
fo

ra
mi

n­
 

if
er

s 
of

 
th
e 

Sa
nt
a 

Ba
rb

ar
a 

Ba
si

n,
 

as
so
ci
at
ed
 

th
e 

sp
ec
ie
s 

wi
th
 

bo
th

 
hi
s 

sl
op

e 
an

d 
ba
si
n 

pl
ai
n 

fa
un
al
 
pr

ov
in

ce
s.

 
Al
wa
ys
 
co

mp
ri

si
ng
 
le
ss
 

th
an
 

1%
 

of
 

th
e 

as
se

mb
la

ge
, 

Va
l­
 

vu
li
ne
ri
a 

ar
au
ca
na
 

wa
s 

de
te
ct
ed
 
at
 
de

pt
hs

 
of

 
43
0,
 
47
2 

an
d 

53
1 

me
te
rs
. 

A 
co
ns
id
er
ab
ly
 
sh
al
lo
we
r 

ha
bi
ta
t 

fo
r 

th
e 

ta
xo

n 
wa

s 
re
po
rt
ed
 

by
 
Ma

rk
s,

 
an
d 

ot
he
rs
 
(1
98
0)
 
in

 
th

e 
Sa
nt
a 

Ba
r­

 
ba

ra
 
Ch

an
ne

l.
 

As
so
ci
at
ed
 
wi

th
 
Ep
is
to
mi
ne
ll
a 

pa
ci

fi
ca

 
(C

us
h­

 
ma
n)
 

an
d 

E.
 

ex
iq

ua
 

(B
ra
dy
),
 

t
h
e
u
p
p
e
r
 
de

pt
h 

li
mi

t 
of

 
a 

mo
de
ra
te
 
nu
mb
er
 
of
 
sp

ec
im

en
s 

of
 
Va

lv
ul

in
er

ia
 
ar
au
ca
na
 
wa

s 
in

 
th
e 

lo
we

r 
ne

ri
ti

c 
bi
of
ac
ie
s 

at
 
a 

de
pt

h 
of
 
92
 
to
 
18
3 

me
te

rs
. 

Cr
ou

ch
 
(1

95
2)

, 
in

ve
st

ig
at

in
g 

el
ev
en
 
de

ep
 
ba
si
ns
 
of

f 
so

ut
he

rn
 

Ca
li

fo
rn

ia
 

fr
om
 
Sa
nt
a 

Ba
rb

ar
a 

to
 
Sa
n 

Di
eg

o,
 
al

so
 
de
te
rm
in
ed
 

th
at
 
Va

lv
ul

in
er

ia
 
ar

au
ca

na
 
is
 
mo
st
 
co
mn
on
ly
 
as
so
ci
at
ed
 

wi
th

 
wa
te
r 

te
mp

er
at

ur
es

 
be

tw
ee

n 
4.
0 

ar
id

 
5.
0c
.

Nu
me
ro
us
 
st
ud
ie
s 

in
 
th
e 

Lo
s 

An
ge

le
s 

re
gi
on
 

ha
ve
 

no
te

d 
th
e 

pr
es

en
ce

 
of
 
th
e 

sp
ec

ie
s.

 
Cu

sh
ma

n 
an
d 

Mo
ye

r 
(1
93
0)
 
fo

un
d 

Va
lv

ul
in

er
ia

 
ar
au

ca
na

 
at
 
a 

de
pt
h 

of
 
73
2 

me
te

rs
 
of
f 

Sa
n 

Pe
dr

o 
a
n
d
N
a
t
l
a
n
d
 

(1
93
3)
 

fo
un

d 
it
 
be
tw
ee
n 

28
0 

an
d 

88
4 

me
te

rs
 
in
 

th
e 

Sa
n 

Pe
dr

o 
Ch
an
ne
l.
 

Th
e 

sp
ec
ie
s 

wa
s 

al
so

 
d
r
e
d
g
e
d
 
up

 
at
 
a 

de
pt

h 
of
 

59
7 

me
te
rs
 

ne
ar

 
Sa

nt
a 

Ca
ta

li
na

 
Is
la
nd
 

an
d 

di
sc

ov
er

ed
 
in

 
th
e 

Pl
io
ce
ne
-a
ge
d 

Pi
co
 

Fo
rm
at
io
n 

de
po

si
ts

 
ex

po
se

d 
in

 
th

e 
Ha
ll
 

Ca
ny

on
 

se
ct
io
n 

in
 
Ve
nt
ur
e 

(N
at

la
nd

, 
19

33
).

 
Sa

mp
le

s 
co
ll
ec
te
d 

by
 

Dr
. 

Pa
rk
er
 

Tr
as

k 
at
 

de
pt

hs
 

ra
ng
in
g 

fr
om
 
10

97
 
to
 
19

99
 
me

te
rs

 
be
tw
ee
n 

Sa
nt
a 

Ca
ta
li
na
 
an

d 
Sa

nt
a 

Cr
uz
 
Is
la
nd
s 

yi
el
de
d 

Va
lv

ul
in

er
ia

 
ar

au
ca

na
 

as
 

we
ll
 

(N
at

la
nd

, 
19

33
).

 
Za

le
sn

y 
(
1
9
5
9
)
,
f
r
w
e
s
t
i
g
a
t
i
n
g
 

sh
al

lo
w

ro
 

rv5 CO



N>

po
rt

io
ns

 
of

 
Sa

nt
a 

Mo
ni
ca
 
Ba
y,
 
fo
un
d 

th
e 

ta
xo
n 

fr
om
 
th

e 
de
pt
h 

of
 

40
8 

to
 
th
e 

st
ud

y'
s 

li
mi

t 
of

 
84

1 
me
te
rs
. 

Th
e 

sp
ec

ie
s 

wa
s 

re
po
rt
ed
 
to
 
co
mp
ri
se
 
7%
 
of

 
th

e 
fa
un
a 

at
 

a 
de

pt
h 

of
 

54
9 

me
te

rs
, 

8%
 

in
 

57
6 

me
te
rs
 
of

 
wa

te
r 

an
d 

a 
ma

xi
mu

m 
of

 
12
% 

of
 

th
e 

as
se

mb
la

ge
 
at
 
a 

de
pt
h 

of
 
77
7 

me
te

rs
. 

Za
le
sn
y 

fo
un

d 
th
at
 

a 
su

bs
ta

nt
ia

l 
ch

an
ge

 
in

 
th
e 

fo
ra

mi
ni

fe
ra

l 
bi
ot
a 

oc
cu
rr
ed
 

be
tw

ee
n 

th
e 

de
pt

hs
 
of

 
54
9 

an
d 

84
1 

me
te

rs
 
in

 
th
e 

lo
we
r 

en
d 

of
 

th
e 

Re
do
nd
o 

Su
bm

ar
in

e 
Ca
ny
on
, 

wh
er
e 

Va
lv

ul
in

er
ia

 
ar

au
ca

na
, 

as
 
we

ll
 

as
 

se
ve

ra
l 

ot
he

r 
sp
ec
ie
s,
 

b
e
c
a
m
e
t
h
e
 

do
mi
na
nt
 

sp
ec
ie
s.
 

Th
es

e 
ot
he
r 

ta
xa
 
in

cl
ud

ed
: 

Ca
ss

id
ul

in
a 

de
li

ca
ta

, 
Ep
is
to
mi
ne
ll

a 
sm

it
hi

, 
E.
 
pa
ci
fi
ca
, 

B
u
l
i
m
i
n
e
l
l
a
t
e
n
u
a
t
a
 

an
d 

Bo
li
vi
ni
ta
 
mT
nu
ta
. 

Th
e 

wa
te
rs
 
be
tw
ee
n 

th
e 

de
pt
hs
 
of

 
!>
4"
9 
an

d 
84

1 
me

te
rs

 
we

re
 
ch
ar
ac
te
ri
ze
d 

by
 
a 

te
mp

er
at

ur
e 

ra
ng

in
g 

fr
om

 
4.
9 

to
 
5.

6C
 
an
d 

a 
sa

li
ni

ty
 
ra

ng
in

g 
fr

om
 
34

.3
8 

to
 
34

.4
2°

/.
QO

. 
Va

lv
ul

in
er

 i
a 

ar
au

ca
na

 
ha
s 

al
so
 
be

en
 
re

ga
rd

ed
 
as
 

a 
si
gn
if
i-
 

c
a
n
t
s
p
e
c
i
e
s
T
n
E
K
e
 

Ta
nn
er
 
Ba

si
n 

be
nt

ho
ni

c 
fo

ra
mi

ni
fe

ra
l 

as
se

mb
la

ge
 

(K
he

ra
dp

ir
, 

19
70
; 

Mo
ri

n,
 

19
71

).
 

Kh
er
ad
pi
r 

(1
97
0)
 

fo
un

d 
th

at
 
th
e 

sp
ec

ie
s 

wa
s 

on
e 

of
 
tw

el
ve

 
ob

ta
in

ed
 
in
 

re
ce

nt
 
ma

te
ri

al
 
fr

om
 
th

re
e 

co
re
s 

ta
ke
n 

fr
om

 
a 

de
pt
h 

of
 

12
00

 
me
te
rs
 

in
 
th
e 

ba
si

n.
 

He
 
al

so
 
di
sc
ov
er
ed
 
th
at
 
th

e 
be
nt
ho
ni
c 

fo
ra
mi
ni
fe
ra
l 

fa
un
as
 
us
ua
ll
y 

co
mp

ri
se

d 
<2
0%
 

of
 

th
e 

to
ta

l 
fo
ra
mi
ni
fe
ra
l 

po
pu

la
ti

on
. 

An
d 

la
st
ly
, 

Wh
it
e 

(1
95

6)
, 

fi
nd

in
g 

ra
re

 
sp

ec
im

en
s 

of
 
th
e 

ta
xo

n 
in

 
th

e 
Pl
io
ce
ne
-a
ge
d 

Up
pe

r 
Ca

p-
 

is
tr
an
o 

Fo
rm
at
io
n 

de
po
si
ts
 
in

 
Or

an
ge

 
Co
un
ty
, 

co
nc

lu
de

d 
th

at
 

Va
lv

ul
in

er
ia

 
ar

au
ca

na
 
pr
ef
er
s 

wa
te

r 
de

pt
hs

 
of

 
61

0 
to

 
85

3 
me

te
rs

 
ba

se
d 

up
on

 
th
e 

wo
rk

 
of

 
Na

tl
an

d 
(1

93
3)

.
G
e
o
g
r
a
p
h
i
c
a
l
l
y
 
le

ss
 
re
st
ri
ct
ed
 
fo

ra
mi

ni
fe

ra
l 

st
ud
ie
s 

in
 

th
e 

so
ut
he
rn
 

Ca
li

fo
rn

ia
n 

re
gi

on
 
ha
ve
 
al

so
 
be

en
 
un

de
rt

ak
en

. 
Co
mb
in
in
g 

th
e 

re
su

lt
s 

of
 
se

ve
ra

l 
st

ud
ie

s 
me

nt
io

ne
d 

ab
ov

e,
 

Ba
nd
y 

an
d 

Ch
ie
ri
ci
 
(1
96
6)
 
de

du
ce

d 
th
at
 
th
e 

up
pe
r 

de
pt
h 

li
mi

t 
of

 
Va

lv
ul

in
er

ia
 
ar
au
ca
na
 
is
 
40

0 
me

te
rs
, 

pl
us

 
or
 

mi
nu
s 

10
0 

me
te
rs
, 

of
f 

Ca
li
fo
rn
ia
. 

Do
ug

la
s 

an
d 

He
it
ma
n 

(1
97

9)
 
as
so
ci
­ 

at
ed
 
th
e 

ta
xo
n 

wi
th

 
th

e 
lo
we
r 

sl
op

e 
as
se
mb
la
ge
s 

of
 
bo
th
 

th
e 

ne
ar

sh
or

e 
an

d 
of

fs
ho

re
 
ba
si
ns
 
of

 
th
e 

Ca
li
fo
rn
ia
 
bo

rd
er

la
nd

, 
no
ti
ng
 
it

s 
is

ob
at

hy
al

 
ch

ar
ac

te
r 

in
 
th

e 
le

ss
 
di

st
an

t 
ba
si
ns
. 

In
 
th
e 

in
ne

r 
ba

si
ns

, 
Va

lv
ul

in
er

ia
 
ar

au
ca

na
 
is

 
a 

no
n-
do
mi
na
nt
 

sp
ec
ie
s,
 
ye
t 

be
co
me
s 

m
o
r
e
a
b
u
n
d
a
n
T
b
e
t
w
e
e
n
 

45
0 

an
d 

90
0 

me
te
rs
. 

He
re

, 
it
 
is

 
as

so
ci

at
ed

 
wi
th
 
th
e 

Ea
st

 
Pa

ci
fi

c 
In

te
r­

 
me
di
at
e 

Wa
te
r,
 
ch
ar
ac
te
ri
ze
d 

by
 

a 
te
mp
er
at
ur
e 

of
 

4.
8 

to
 

7.
0°

C,
 

sa
li

ni
ty

 
of

 
34

.2
 
to
 
34
.4
°/
oo
 
an

d 
an
 
ox
yg
en
 
co
nt
en
t 

of
 

0.
1 

to
 
0.

8 
ml
/1
. 

'T
he
 

co
nd

it
io

ns
 

un
de

r 
wh

ic
h 

th
is

 
no

n-
 

do
mi
na
nt
 

sp
ec
ie
s 

ex
is

ts
 
in
 
th
e 

ou
te
r 

ba
si

ns
 
ar
e 

qu
it
e 

si
mi

­ 
la

r 
ex

ce
pt

 
fo

r 
de
pt
h:
 

te
mp
er
at
ur
e 

ra
ng
es
 
fr
om
 
4.

1 
to
 

8.
0°

C,
 

sa
li
ni
ty
 
fr
om
 
34
.3
 
to

 
34

.4
°/

oo
, 

ox
yg
en
 
co

nt
en

t 
of

 
0.
3 

to
 
1.

1 
ml

/1
, 

an
d 

de
pt
h 

fr
om
' 

ap
pr

ox
im

at
el

y 
90
0 

to
 

18
00

 
me

te
rs

. 
In

gl
e 

(1
98

0)
, 

in
ve

st
ig

at
in

g 
th
e 

Ce
no
zo
ic
 
pa
le
ob
at
hy
me
tr
y 

of
 

th
e 

so
ut
he
rn
 

Ca
li

fo
rn

ia
 

co
nt

in
en

ta
l 

bo
rd

er
la

nd
, 

as
si
gn
ed
 

Va
lv

ul
in

er
ia

 
ar

au
ca

na
 
to
 
hi

s 
up
pe
r 

mi
dd

le
 
ba
th
ya
l 

bi
of

ac
ie

s,
 

ly
in

g 
be
tw
ee
n 

50
0 

an
d 

15
00

 
me

te
rs

.
St
ud
ie
s 

ne
ar
 
Sa

n 
Di
eg
o 

an
d 

th
e 

Un
it
ed
 

St
at

es
-M

ex
ic

an
 

bo
rd
er
 

ha
ve
 

in
cl
ud
ed
 
th
e 

ta
xo
n 

as
 
we

ll
. 

In
 
th
e 

ea
rl

y 
pa

rt
 

of
 
th
e 

ce
nt

ur
y,

 
th
e 

U.
S.

 
Co
as
t 

an
d 

Ge
od
et
ic
 

Su
rv

ey
 

sh
ip

 
Gu

id
e 

dr
ed

ge
d 

up
 
Va

lv
ul

in
er

ia
 
ar
au
ca
na
 
in

 
46
3,
 
46

8,
 
72

4,
 
78
5 

an
d 

10
11
 
me

te
rs

 
of

 
wa

te
r 

(C
us
hm
an
, 

19
27

a)
. 

In
 
th

e 
vi
ci
ni
ty

of
 

Co
ro
na
do
 

Ba
nk

, 
Bu

tc
he

r 
(1

95
1)

 
re

po
rt

ed
 

fi
nd

in
g 

th
e 

sp
ec
ie
s 

in
 
hi

gh
 
re

la
ti

ve
 

fr
eq
ue
nc
y 

th
ro
ug
ho
ut
 

it
s 

ba
th

y-
 

me
tr
ic
 

ra
ng

e 
of

 
30
0 

to
 
99
0 

me
te
rs
. 

Si
mi

la
r 

de
pt
h 

ra
ng

es
 

we
re

 
re
co
rd
ed
 
by
 
Uc
hi
o 

(1
96

0)
 
fo
r 

bo
th

 
li

vi
ng

 
an
d 

de
ad
 

Va
l­
 

vu
li

ne
ri

a 
ar

au
ca

na
 
fr

om
 
Sa
n 

Di
eg

o 
to
 
th
e 

Co
ro
na
do
s 

Is
la

nd
s.

 
He

 
fo

un
d 

li
vi
ng
 
sp

ec
im

en
s 

in
ha

bi
ti

ng
 
th
e 

wa
te
rs
 
be
tw
ee
n 

29
3 

an
d 

11
70

 
me
te
rs
, 

pe
ak
in
g 

at
 
8 

an
d 

9%
 
of
 
th

e 
fa

un
al

 
as

se
m­

 
bl

ag
e 

at
 
10

70
 
an
d 

70
4 

me
te

rs
, 

re
sp

ec
ti

ve
ly

. 
Si
mi
la
rl
y,
 
de
ad
 

in
di
vi
du
al
s 

we
re

 
re
co
ve
re
d 

be
tw

ee
n 

21
9 

an
d 

11
69

 
me

te
rs

, 
co

mp
ri

si
ng

 
a 

m
a
x
i
m
u
m
 
of

 
3%

 
of

 
th
e 

po
pu

la
ti

on
 
at

 
a 

de
pt

h 
of
 

64
0 

me
te
rs
.

So
ut

hw
ar

d,
 
Va

lv
ul

in
er

ia
 
ar
au
ca
na
 
ha
s 

be
en

 
re
po
rt
ed
 

of
f 

bo
th

 
th
e 

w
e
s
t
e
F
n
a
n
d
e
a
s
t
e
r
n
 

co
as
ts
 
of

 
Ba

ja
 
Ca

li
fo

rn
ia

. 
Wa
lt
on
 
(1

95
5)

, 
in
ve
st
ig
at
in
g 

bo
th

 
li

vi
ng

 
an
d 

de
ad
 

be
nt
ho
ni
c 

fo
ra

mi
ni

fe
rs

 
of
 

To
do

s 
Sa

nt
os

 
Ba

y,
 
fo

un
d 

th
e 

sp
ec

ie
s 

oc
cu
r­
 

ri
ng
 
mo

st
 
ab
un
da
nt
ly
 
be

tw
ee

n 
18
3 

an
d 

64
0 

to
 
73
2 

me
te

rs
. 

He
 

co
nc

lu
de

d 
th

at
 

it
 
wa

s 
a 

co
ns
ti
tu
en
t 

of
 
hi
s 

of
fs

ho
re

 
bi

of
a­

 
ci
es
, 

wh
ic

h 
ge
ne
ra
ll
y 

oc
cu
pi
ed
 
th
e 

ar
ea

 
ou
ts
id
e 

th
e 

ba
y 

an
d 

to
 

a 
de
pt
h 

of
 

at
 
le

as
t 

10
97

 
me
te
rs
. 

To
 
th
e 

ea
st

, 
in

 
th
e 

Gu
lf

 
of
 
Ca

li
fo

rn
ia

, 
th
e 

ta
xo

n 
wa

s 
a 

do
mi

na
nt

 
me
mb
er
 

of
 

th
e 

up
pe

r 
mi

dd
le

 
ba
th
ya
l 

fa
un
a,
 
re

si
di

ng
 
at
 
a 

de
pt

h 
of

 
12

19
 
to

 
15
24
 
me

te
rs

 
wh

er
e 

wa
te

r 
te

mp
er

at
ur

es
 
ra

ng
ed

 
be

tw
ee

n 
2.
5 

an
d 

3.
5°

C 
(B

an
dy

, 
19

61
).

 
In

 
Pl
ei
st
oc
en
e 

de
po
si
ts
 
re

co
ve

re
d 

by
 

th
e 

De
ep

 
Se

a 
D
r
i
l
l
i
n
g
 
Pr

oj
ec

t 
fr

om
 
th
e 

Gu
ay
ma
s 

Ba
si

n 
of
 
th

is
 

re
gi
on
, 

Va
lv
ul
in
er
ia
 
ar

au
ca

na
 
ge
ne
ra
ll
y 

co
mp

ri
se

d 
1 

to
 
2%
 
of

 
th
e 

fa
un

al
 
a
s
s
e
m
b
l
a
g
e
'
b
u
t
T
n
c
r
e
a
s
e
d
 
to

 
a 

su
rp
ri
si
ng
 
16
, 

18
 

an
d 

27
% 

in
 

a 
fe
w 

in
st
an
ce
s 

(M
at

ob
a 

an
d 

Ya
ma

gu
ch

i,
 
19

82
).

 
Ba
se
d 

up
on
 
th

e 
wo
rk
s 

of
 

Ba
nd
y 

(1
96
1)
 

an
d 

Ph
le
ge
r 

(1
96
4,
 

19
65
),
 

th
e 

au
th

or
s 

co
nc

lu
de

d 
th
at
 
th

is
 
ta
xo
n 

is
 
co

mm
on

ly
 

as
so
ci
at
ed
 
wi

th
 
th
e 

lo
we
r 

mi
dd
le
 
ba

th
ya

l 
bi
of
ac
ie
s 

in
 

th
is

 
re
gi
on
. Va
lv

ul
in

er
ia

 
ar

au
ca

na
 
ap
pe
ar
s 

in
 

re
ce

nt
 

de
po

si
ts

 
of

f 
C
e
n
t
r
a
l
a
n
d
S
o
u
t
K
A
m
e
r
i
c
a
 

as
 
we

ll
. 

Fr
om
 
Ac
ap
ul
co
 
to
 
th
e 

Gu
lf

 
of

 
Pa
na
ma
, 

Ba
nd
y 

an
d 

Ar
na

l 
(1
95
7)
 

fo
un
d 

th
e 

ta
xo
n 

oc
cu

rr
in

g 
be
tw
ee
n 

th
e 

de
pt
hs
 

of
 
77
7 

an
d 

16
00
 
me

te
rs

. 
It

 
co

mp
ri

se
d 

<1
% 

of
 
th

e 
fa

un
a 

at
 
a 

de
pt

h 
of

 
82
3 

me
te

rs
, 

1%
 

at
 

77
7 

an
d 

13
53

 
me

te
rs

 
an
d 

a 
ma

xi
mu

m,
 o
f 

6%
 
of

 
th
e 

fa
un

al
 
as
se
m­
 

bl
ag
e 

at
 
th

e 
de

pt
hs

 
of
 
11
43
 

an
d 

16
00

 
me

te
rs

. 
Ba

nd
y 

an
d 

Ar
na
l 

no
te
d 

th
at
 

it
 

wa
s 

a 
ty

pi
ca

l 
sp

ec
ie

s 
of

 
th
e 

lo
we

r 
ba
th
ya
l 

fa
un
a 

an
d 

th
at

, 
in
 
co
nt
ra
st
 
to
 
Wa

lt
on

1s
 
(1
95
5)
 
fi

nd
­ 

in
gs
, 

it
 

wa
s 

of
 

li
tt

le
 

si
gn
if
ic
an
ce
 
sh
al
lo
we
r 

th
an

 
11
43
 

me
te
rs
. 

Ot
he
r 

ta
xa
 
fo

un
d 

as
so

ci
at

ed
 
wi

th
 
ya

lv
ul

in
er

ia
 
ar
au
­ 

ca
na

 
in

 
th
is
 

bi
oz
on
e 

we
re

 
Pu

ll
en

ia
 
bu

ll
oi

de
s,

 
Py
rq
p 

mu
r-

 
rh

in
a,

 
V
a
l
v
u
l
i
n
e
r
i
a
 

ql
ab

ra
 
a
n
d
V
i
r
g
u
l
i
n
a
r
F
u
r
s
e
n
k
o
i
n
a
]
 

no
do
sa
. 

I
n
t
h
e
i
r
 
st

ud
y 

re
gi
on
, 

th
e 

au
th

or
s 

(1
95
7)
 
ch
ar
ac
­ 

te
ri
ze
d 

th
e 

lo
we

r 
ba

th
ya

l 
re
gi
on
 
by
 
th
es
e 

pa
ra
me
te
rs
: 

od
ep

th
 

fr
om

 
12
19
 

to
 

19
11

 
me
te
rs
, 

te
mp
er
at
ur
e 

of
 
2.

6 
to
 
3.

8C
 
an
d 

sa
li
ni
ty
 

of
 

ap
pr
ox
im
at
el
y 

3
4
.
7
%
>
o
.
 

In
 

th
e 

Pe
ru

-C
hi

le
 

Tr
en

ch
 

of
f 

th
e 

co
as

t 
of
 
Ch

il
e,

 
Va

lv
ul

in
er

ia
 
ar

au
ca

na
 
wa

s 
fo
un
d 

co
mp
ri
si
ng
 
<1

 
an

d 
1.

2%
 
of
 
t
h
e
f
a
u
n
a
l
a
s
s
e
m
b
l
a
g
e
 

at
 

de
pt

hs
 
of

 
80

0 
an

d 
18
00
 
me

te
rs

, 
re

sp
ec

ti
ve

ly
, 

an
d 

wa
s 

as
so
ci
­ 

at
ed
 
wi

th
 
th
e 

up
pe
r 

mi
dd
le
 
ba

th
ya

l 
bi

of
ac

ie
s 

(I
ng

le
, 

Ke
ll

er
, 

an
d 

Ko
lp

ac
k,

 
19

80
).

 
Th

e 
ty

pe
 

sp
ec
im
en
 

wa
s 

ob
ta

in
ed

 
by

 
d'

Or
bi

gn
y 

of
f 

Ch
il

e 
as
 
we
ll
 
(C
us
hm
an
, 

19
27
a)
.



Va
Iv

ul
in

er
 i
a 

ar
au

ca
na

 
wa
s 

fo
un

d 
as
 
a 

di
sp

la
ce

d 
sp
ec
ie
s 

in
 
th
e 

lo
w 

an
d 

mi
dd
le
 
la

ti
tu

de
s 

of
 
th
e 

No
rt

h 
At
la
nt
ic
 
by
 
th

e 
Sw

ed
is

h 
De
ep
-S
ea
 
Ex

pe
di

ti
on

 
an

d 
pr
im
ar
il
y 

be
tw
ee
n 

th
e 

de
pt
hs
 

of
 
80

 
an
d 

16
0 

me
te
rs
 
in

 
th

e 
Gu

lf
 
of

 
Me

xi
co

 
(P
hl
eg
er
, 

Pa
rk
er
, 

an
d 

Pe
ir

so
n,

 
19
53
).

Ob
vi
ou
sl
y 

th
is

 
ta

xo
n 

is
 
ub

iq
ui

to
us

 
in

 
re

ce
nt

 
of
fs
ho
re
 

de
po

si
ts

 
of

 
th
e 

ea
st

er
n 

Pa
ci

fi
c 

Oc
ea

n.
 

Th
e 

up
pe

r 
de
pt
h 

li
mi

t 
of

 
Va

lv
ul

in
er

ia
 
ar
au
ca
na
 
ap

pe
ar

s 
to
 

li
e 

at
 

ap
pr

ox
i­

 
ma

te
ly

 
i
F
C
m
e
t
e
r
s
 
of

f 
Ca
li
fo
rn
ia
 
(M

ar
ks

 
an
d 

ot
he

rs
, 

I9
60
).
 

In
 
ad

di
ti

on
, 

it
 
ap

pe
ar

s 
th
at
 

th
e 

ta
xo

n 
is
 

mo
st

 
co
mm
on
ly
 

as
so

ci
at

ed
 

wi
th

 
th

e 
up

pe
r 

mi
dd
le
 
ba

th
ya

l 
bi
of
ac
ie
s,
 
ra
ng
in
g 

be
tw

ee
n 

ap
pr

ox
im
at
el
y 

50
0 

an
d 

15
00
 
me
te
rs
 
(I

ng
le

, 
19

80
) 

in
 

th
is

 
re

gi
on

.

Di
 s
tr
ib
ut
 i
on

Va
lv

yl
in

er
ia

 
ar
au
ca
na
 
oc
cu
rs
 
in

 
ra

th
er

 
hi

gh
 

ab
un

da
nc

e 
in

 
th
e 

mi
dd

le
 
th

ir
d 

of
 
th
e 

co
re
. 

Re
co

ve
re

d 
fr

om
 
mu
d,
 
sa

nd
y 

mu
d 

an
d 

sa
nd

 
in
te
rv
al
s 

be
tw
ee
n 

th
e 

de
pt
hs
 
of

 
16

7.
5 

an
d 

43
2.
5 

cm
 

do
wn

co
re

, 
th
e 

ta
xo

n 
di

sp
la

ys
 
it

s 
hi
gh
es
t 

ab
un
da
nc
es
 
in
 

th
e 

mu
d 

an
d 

sa
nd

y 
mu

d 
la
ye
rs
. 

In
 

th
e 

mu
d 

de
po
si
ts
, 

Va
l­

 
vu
l 
in

er
ia

 
ar
au
ca
na
 
ac
co
un
ts
 
fo

r 
be
tw
ee
n 

le
ss

 
th
an
 

1 
an

d 
8.

9%
 

of
 
th
e 

as
se

mb
la

ge
, 

wh
il

e 
in

 
th
e 

sa
nd

y 
mu
ds
 
it
 
pe
ak
s 

at
 
B.
7%
. 

In
 

co
nt

ra
st

, 
th
e 

sp
ec

ie
s 

ac
co
un
ts
 
fo

r 
le

ss
 
th

an
 

1 
to
 
on
ly
 

1.
1%

 
of

 
th
e 

fa
un
a 

in
 
th

e 
sa

nd
 
la

ye
rs

.

Va
lv

ul
in

er
ia

 
la
ey
iq
at
a 

Ph
le

ge
r 

an
d 

Pa
rk
er
, 

19
51
 

Pl
at
e 

18
, 

fi
gu

re
 
6

Ep
on

id
es

 
ex
iq
ua
 
Cu

sh
ma

n 
(n
ot
 
Pu
lv
in
ul
in
a 

ex
ig
ua
 
H.
B.
 
Br
ad
y)
;

Cu
sh
ma
n,
 
19

31
, 

p.
 
44

, 
pi

. 
10
, 

fi
gs

. 
1-

2.
V
a
l
v
u
l
i
n
e
r
i
a
 
sp

.;
 

Pa
rk
er
, 

19
48
, 

p.
 
24

0,
 
pi

. 
4,

 
fi
gs
. 

13
a-

b.
Va

lv
ul

in
er

ia
 
la
ev
iq
at
a 

Ph
le
ge
r 

an
d 

Pa
rk
er

Pa
rk

er
, 

I"
55

l,
 

p.
 
25

, 
pi

. 
13
, 

fi
gs
. 

11
-1

2;
Ph
le
ge
r 

an
d 

In
gl
e,
 
19
73
, 

p.
1

4
6

, 
p
i.

 
B

,
54

5;
 

In
g

le
, 

K
e
ll

e
r 

an
d 

K
o
lp

ac
k
, 

19
80

, 
p

.
5

-7
.

Ro
ta

mo
rp

hi
na

 
la
ev
iq
at
a 

(P
hl
eg
er
 

an
d 

Pa
rk
er
);

Pa
rk
er
 
an
d 

Pe
ir
so
n,
_1
95
1,
 
p.

 
47
, 

pi
. 

10
, 

fi
gs

. 
17
, 

23
.

Qu
ad
ri
mp
rp
hi
na
 
la

ev
iq

at
a 

(P
hl
eg
er
 
an
d 

Pa
rk

er
);

 
Ma

to
ba

 
an

d
Ya
ma
gu
ch
i,
 
19

82
, 

p.
 
10
48
, 

pi
. 

4,
 
fi

g.
 
2.

fi
gs
. 

Ph
le

ge
r,

Va
lv

ul
in

er
ia

 
la
ey
iq
at
a 

Ph
le

ge
r 

an
d 

Pa
rk

er
 

ha
s 

be
en

 
f
o
u
n
d
t
o
 
in

ha
bi

t 
bo
th
 
th
e 

ea
st

er
n 

Pa
ci
fi
c 

an
d 

At
la
nt
ic
 
Oc

e­
 

an
s.
 

Th
e 

sp
ec
ie
s 

ha
s 

be
en

 
re

co
rd

ed
 
as
 
fa

r 
no
rt
h 

as
 

ce
nt

ra
l 

Or
eg
on
, 

wh
er
e 

it
 
wa

s 
ob
ta
in
ed
 
in

 
co

re
d 

sa
mp
le
s 

ac
qu

ir
ed

 
by

th
e 

De
ep

 
Se
a 

Dr
il

li
ng

 
Pr

oj
ec

t 
at
 

Si
te

 
17
5 

(I
ng

le
, 

19
73
).
 

Th
e 

de
po

si
ts

 
we

re
 
re
co
ve
re
d 

of
fs
ho
re
 
on
 
th

e 
lo
we
r 

co
nt

in
en

­ 
ta

l 
sl
op
e 

at
 
a 

de
pt

h 
of

 
19

99
 
me

te
rs

. 
Un
fo
rt
un
at
el
y,
 

in
fo
r­
 

ma
ti

on
 

re
ga
rd
in
g 

th
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